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i;imia safyrus, Pis. I.-IV., )).349 , Figs. 
1--30, pp. 351, 352, 354-350, 3,59, 
36)2, 363, 366, 374, 382, 385, 389, 
392, 398, 400, 405, 407, 412, 41,5, 
418-421, 423, 420-430, 433, 436. 
StmthmiiSn Figs. 1, 3-5, pp. 280, 286- 
289. 


Smithornh skarpei, Fig. 2, p. 281. 
Spilctes pullaXm, PI. IV., p. 236. 
Sfaurocepha/ ns {Doi'villea) gardineri, 
Figs. 112-118, pp. 95-99. 

( ) similis, Figs. 119-126, 

pp, 101-106. 


Tarsius ypecfn/m, PI. 1., p. 217 , Fig. J, 

p. 222. 

'/'rgpanurgns romprcssKa. PI. Vll., 
p. 235 ‘ 

Dtpaia minor, l'5g8. 1-24, j)}!. 464-4(i8. 
471-474, 470-478. 482-485, 487-492. 


Vanessa io ab. jischeri, PI. IV.. fig. 25. 
p. ,509. 

Vdoihna togata. Fig** 30-32. pp. (>50- 
057. 


Waddyvephalm, Fig. ,3, p. 122. 


' Ziphius cavirostris, Fig. 1, p. 547, 




ZOOLOGICAL SOCIETY OF LONDON. 

INSTE0CTIONS TO AUTHOBS. 


Owing to the cost of printing, the Publication Committee 
beg to draw the attention of Authors submitting papers for 
publication by the Society to the following Regulations. If the 
conditions are not observed, papers may have to be returned ; — 

1. MSS. submitted for publication must be written in a clear 
and legible handwriting, or, preferably, be type-written, and 
must be in final form for printing. The MSS. should be written 
on one side of each sheet only, and the pages clearly numbered. 
All tables of contents, references to plates, or legends to 
illustrations in the text, etc., must be in their proper places, 
with page and plate numbers left blank ; and the position for 
the text-figures must bo indicated. References to literature must 
be exact, with the page number as well as the volume number 
and date. 

2. Proofs and thkir CoRUEcnioN.— Two copies of the slip 
proof, and a page proof for final revision, will be sent to the 
Author, but it is important that all serious corrections he 
made on the slip proof. Expenses for proof corrections are very 
heavy, but, if the MSS. comply with Regulation 1, should not 
exceed 25 per cent, of the printers^ charges. If the cost of 
corrections exceeds 25 per cent., a proportion of the excess w ill 
be charged to the Author. 

3. Revised proofs must, if possible, be leturned within one 
week from the date of their receipt by the Author. 

4. The Author receives 30 copies of reprints free, and, with 
the sanction of the Publication Committee, may obtain leave to 
buy extra copies, at the cost price charged by the printers and 
engravers to the Society. The number of separate copies 
required must be stated wlien returning the proof. 

6. Illustrations. — Drawings intended to be reproduced as 
line-block text -figures should be drawn with a good black ink, 
such as Process Black or the best ** Indian ink on white 

Bristol board.’* All lines and dots must be clear and sharp, 
and no washes or colours used. Wash drawings are not suitable 
for reproduction as text-figures. All necessary lettering must 
be clearly, but lightly, indicated in pencil, so tliat the engravers 
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may insert sharp, well- drawn letters. Each drawing should be 
numbered to tally with the text-figure number given in the MSS., 
and be accompanied by a. short, concise, and legible descriptive 
legend. When making drawings for text-figures, or grouping 
drawings, it should be borne in mind that, when reduced, the 
figures must not exceed the dimensions of the printed matter on 
the page of “ Proceedings,’’ viz.: — 3| x 6| inches. Drawings or 
photographs intended for reproduction as plates will have to be 
reduced, when necessary, to fit a space of X 7 indies. 

6. Copyright. — No use whatever is permitted of the type or 
illustrations prepar^l for the Society’s Publications other than 
for the Separate Copies mentioned above, unless the lefive of the 
Committee has been obtained, and recorded on the Minutes. 
Permission is given only with the consent of the Authors of the 
papers, if alive, and the source of tlie text and illustrations shall 
be stated in the work in which they are used. The use of 
illustrations from the Society’s Publications, if within five years 
of the date of publication, will be granted only upon the payment 
of half the cost of their production. All comniiinications made 
to the Society shall, if accepted for publication, be regarded as 
the property of the Society, and not returned to the Authors, 
except for the purpose of comparison with the proof when set up 
in type. 

^ote , — The Publication Committee is always ready to give 
Authors who apply for it, permission to reproduce n atter that 
they have contributed to the Society’s “ Proceedings ” and 
“ Transactions,” but the Society has been advised that a formal 
assignment from Authoi-s is necessaiy to enable it to protect 
copyright against third paities. 
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This Society was founded in 1826 by Sir Stamford Baffles, 
Ifr. J. Sabine, Mr. N. A.. Vigors, and other eminent Naturalists, 
for the advancement of Zoology and Animal Physiology, and for tlio 
introduction of new and curious subjects of the Animal Kingdom, 
and was incorporated by Royal Charter in 18^9, 
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Vice-President, 
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Th^ Society consists of Fellows, Imperial Follows, Honorary, 
Foreign, and Corresponding Members, elected according to the 
By-Laws. It carries out the objects of its foundation by means 
of its collection of living animals, by its Library, and by its 
Scientific Publications. 

The Office of the Society, Begent’s Park, N.W.8, where all com- 
munications should be sent, addressed to “ The Secretary,” is open 
from Ten till Five, except on Saturdays, when it closes at Oue p.m. 

The Library, nnder the superintendence of Mr. F. Martin Duncan, 
F.R.M.S*, F.B.PjS., F.Z.S., is open daily (except Sunday) from 
Ten A.M. till Five p.m. ; on Saturdays, Ten a.m. till One p.m. 

The Library is closed from Good Friday to Easter Monday, and 
upon all other Bank Holida 5 's. It is also closed annually for 
cleaning during the month of September. 

The Meetings of the Society for General Business are held in 
tlie Meeting Boom at the Society’s Office on the third AVednesday 
of the month at 4.30 p.m. except in September and October. 

The Meetings for Scientific Business are held in the Meeting 
Boom at the Society’s Office fortnightly on Tuesdays, except in 
July, August, September, and December and January, at half-past 
Five o’clock p.m. 

The Anniversary Meeting is held on the 29th of April, or the 
nearest convenient day, at Four p.m. 

The Society’s Gardens are open daily from Nine o’clock uiiUl 
Sunset, or 8 p.m. when sunset is later. Dr. G. M. Vevers is the 
Superintendent, Mr. D. Seth-Smith, Curator of Mammals and 
Birds ; Mr. Edward G. Boulengor is Director of the Aquarium ; 
Miss Joan B. Procter, F.L.S., is Curator of llcptiles ; Miss L. E. 
Cheesman, F.E.S., is Curator of Insects ; Dr. C. F. Sonntag 
is Anatomist ; Dr. N. S. Lucas, Pathologist ; Prof. B. T. Leiper, 
F.B.S., with the assistance of a panel of experts, examines 
and reports on the Parasites ; Prof. G. H. Wooldridge, F.Il.C.V.S., 
is Honorary Consulting Yeterinary Surgeon ; and Dr. B. W. A. 
Salmond, O.B.E., Honorary Badiologist to the Society. Applica- 
tions for anatomical or pathological material, or for facilities for 
work in the Prosectorium should be addressed to the Secretary. 

TEBMS FOB THE ADMISSION OF FELLOWS. 

Fallows pay an Admission Fee of £5, and an Annual Contri- 
bution of ^3, due on the Ist of January, and payable in advance, 
or a Composition of £4b in lieu thereof; the whole payment, 
including the Admission Fee, being £o0. 

No |>er8on can be deemed a Fallow until the Admission Fee 
and first Annual Subscription of £H have been paid, or the 
dbnual payments have been compounded for. 

Fallows elected in November and December are not liable lor 
the Subscription for the year in which they are elected. 
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PRIVILEGES OF FELLOWS. 

Fkllows have Personal Admission to the Gardens upon signing 
their names in the book at the entrance gate, and may introduce 
Two Companions daily. 

The WiFB or Husbanu of a Fellow can exercise those privileges 
in the absence of the Fellow. 

Until further notice, Fellows will receive 40 undated Green 
Cards, available on any Hunday or week-day up to the end of 
February of the year following the year of issue, and 20 White 
Cards available on any week-day up to the same date. Twenty 
of the Greon Cards may be exchanged for a book containing two 
Orders for each Sunday in the year. Twenty White Cards may 
be exchanged for a book of dated Week-day Orders, each Order 
available for any day during the week except Sunday. Special 
children's tickets are no longer issued, but the Greoti and White 
Cards are perforated, and each half is valid for a Child under twelve 
years of age. It is particularly requested that Fellows will suju 
every ticket before it goes out of their possession. Unsigned tickets 
are not valid. 

Fellows are not allowed to pass in friends on their written 
order or on presentation of tlieir visiting cards. 

Aquauiubi. — Fellows have free personal admission to the Aquarium 
on Sundays and Week-days by signing in the book at the Aijuarium 
Entrance, but this additional privilege cannot be transferred. For 
the admission to the Aquarium of their friends whom they have 
admitted to the Gardens personally or by Sunday tickets they may 
purchase books of 20 tickets for £1, each ticket admitting one 
adult or two children on Sundays or week-days. SraMlIer nunihcrs 
of tickets cun also be purchased by Fellows only at the Oflice, but 
not at the Aquarium. 

Fellows liave the privilege of receiving tlie Society’s ordinary 
Publications issued during the year upon payment of the additional 
Subscription of One Guinea. This Subscription is due upon the 
1st of Januaiy, and must be paid before tlie day of the Anniversary 
Meeting, after which the privilege lajises. Fellows are likewise 
entitled to purchase these Publications at 20 per cent, less than 
the price charged to the public. A further reduction of 20 per 
cent, is also made upon all purchases of Publicacions issued prior 
to 1881, if above the value of Five Pounds, 

Fellows also have the privilege of subscribing to the Annual 
Volume of ‘The Zoological liecord,’ which gives a list of the Works 
and Publications relating to Zoology in each year, for the sum of 
Two Pounds Ten Shillings, Separate divisions of volumes 39 
onwards can also bo supplied. Full particulars of these publioa^ 
tioijs can be had on application to the Secretary. 
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Fkllows may obtain a Tii\nsfkrablr Tvouy Ticket admitting 
two j)ersonR, available throughout the whole period of Followahip, 
on payment of Ten Pounds in one sum. A second similar ticket 
may be obtained on ])ayment of a further sum of Twenty Pounds. 

Any Fellow who intends to be absent from the United Kingdom 
during the space of at least one year, may, upon giving to the 
Secretary notice in wriilng, have bis or her name placed upon the 
“ dormant list,’* and will .then be called upon to pay an annual 
subscription of £1 only during such absence, or in the event of 
returning to the United Kingdom before June 30th in any year to 
pay the balance of the ordinary subscription. After three 3’ears a 
Dormant Fellow must make a further application to be retained on 
that list. 

Any Fellow, having paid all fees due to the Society, is at liberty 
to withdraw his or her name upon giving notice in ivritmg to tlie 
Secretary, 

Ladies or Gentlemen wishing to become Fellows of the Society 
are requested to communicate with “ The Secretary.** 

P. CHALMEKS MITCHELL, 

Secretary, 

Regent’s Park, London, N.W, 8. 

June, 1924. 


M E E TINGS 

OF THE 

ZOOLOGICAL SOCIETY OF LONDON 

FOR 

SCIENTIFIC BUSINESS. 


1924 . 


Tuesday, October 21, 

„ November 4 and 18, 


The Chair wUl he iaicen at half-jaaet Five o'clocJc j^ecieely. 




ZOOLOGICAL SOCIETY OF LONDON 


LIST OF PUaUCATIONS. 

The scientific publications ot* the Zoological Society of London 
are of two kinds — ** Proceedings/^ published in an octavo 
form, and Transactions/' in quarto. 

According to the present arrangements, the Proceedings" 
contain not only notices oF all business transacted at the scien- 
tific meetings, but also all the papers read at such meetings 
and recommended to be published in the '^Proceedings" by 
the Committee of Publication. A large number of coloured 
plates and engravings are issued in the volumes of the 
" Proceedings," to illustrate the new or otherwise rerniirk- 
able species of annuals described therein, Atnongst such 
illustrations, figures of the new or rare species acquired in a 
living state for the Society’s Gardens are often given. 

Tlie " iVoceedings" for each year are issued in four parts, 
paged consecutively, during the months of March, June, 
September, and December. From January 1901 they have 
been issued as two half-yearly volumes, indexed separately. 

An " Abstract of the Proceedings " is published by the 
Society on the Tuesday following the date of the Scientific 
^Meeting to which it refers. It is issued along with the " Pro- 
C(‘ediiigs," free of extra charge, to all Fellows who subscrite to 
the Publications, but it may be obtained on the day of publi- 
cation at the price of Sixpence, or, if desired, sent post free 
for the sura of Six Shillings per annum, payable in advance. 

The "Transactions" contain such of the communications 
made to the Scientific Meetings of the Society a8,on account of 
the nature of the plates required to illustrate them, are better 
adapted for publication in the quarto form. They are issued 
at irregular intervals. 

Fellows and Corresponding Members, upon payment of 
a Subscription of One Guinea befot'e the day of the Anni- 
versary Meeting, are entitled to receive the Society’s 
Publications for the year. They are likewise entitled to 
purchase the Publications of the Society at 20 per cent, less 
than the price charged to the Public. A further reduction 
of 20 [)er cent, is made upon purchases of Publications 
issued prior to 1881, if they exceed the value of Five 
Pounds. 

Fellows also have the privilege of subscribing to the 
Zoological Record for a sura of Two Pounds Ten Shillings 
(which includes cost of delivery), payable on the Ist of July 
in each year; but this privilege is forfeited imless the 
subscription be paid before the 1st of December following. 

The tbllowing is a complete list of the publications of the 
Society already issued. 



TRANSACTIONS OF THE ZOOLOGICAL SOCIETY OP LONDON. 


4to. 20 vols. and Index. 

Price to Price to the 






Fellows. Public. 

Vols. I-IV. (out of print). 







Vol. V,, containing 07 

Plates 

.. (1862-66) ... 

6 

4 

8 .... 6 19 

0 

„ VI., 


92 

tt 

.. (1860-00) ... 

11 

6 

0 .... 15 0 

0 

„ VII., 

f} 

73 

tt 

.. (1809-72) ... 

10 

4 

0 .... 13 12 

0 

„ VIII., 

1) 

82 

ft 

.. (1872-74) ... 

9 

8 

3 .... 12 11 

0 

„ IX., 

u 

99 

It 

.. (1876-77) .. 

12 

1 

6 .... 16 2 

0 

« X., 


96 

tt 

.. (1877-79) ... 

10 

0 

8 .... 13 7 

0 

Index, Vols. I 

X. 



.. (1833-79) ... 

0 

7 

6 . . . . 0 10 

0 

Vol, XL, containing 07 Plates 

.. (1880-8-5) ... 

9 12 

0 .... 12 16 

0 

„ xir., 

ff 

65 

tt 

.. (1886-90) ... 

6 

8 

0 .... 7 4 

0 

„ XIII., 

It 

62 

ft 

.. (1891-96) ... 

6 

8 

3 .... 8 11 

0 

„ XIV., 

tf 

47 

tt 

.. (1896-98) ... 

6 

6 

0 .... 7 0 

0 

„ XV., 

tt 

62 

tt 

.. (1898-1901) . 

6 16 

6 .... 7 14 

0 

„ XVI., 

ft 

38 

tt 

.. (1901-1903) . 

6 

8 

0 .... 7 4 

0 

„ XVII., 

tt 

41 

tt 

.. (1903-1006) . 

6 18 

6 .... 7 18 

0 

„ XVIII., 

ft 

43 

t) 

.. (1907-1911) . 

4 

1 

0 .... 6 8 

0 

XIX., 

tt 

24 

tt 

.. (1009-1910) . 

10 

4 

0 .... 13 12 

0 

„ XX., 

It 

63 

tt 

.. (1912-1916) . 

11 

10 

8 .... 16 7 

0 

„ XXI.- 

Part 1. (7 

Plates 

& 12 Text-tigs.) 







(June 1916) 

2 

5 

0 .... 3 0 

0 


Since 1916 (Vol. XXT, Part I.) publication of the Society’s 
Transactions has been temporarily suspended, owing to 
the high cost of production. 


In consequence of a re-nrranpement of llie of the ‘ Transactions,' the Society is 
now able to offer for sale, at the reduced price of i’SO, sets of Vole. Y.-XVl. incluaive. 


PROCEEDINGS OP THE COMMITTEE OP SCIEM^E AND 
CORRESPONDENCE OF THE ZOOLOGICAL SOCIETY OF 


LONDON. 8vo. 2 vols. (Letterpress only). 

Part I. 1830-31. 1 vol. 8ro., out of print 
IL 1832. 


Price to 
Fellows. 


Price to the 
Public. 


6 <. 


91 


4i. 6d. 


• SIS 



PROCEEDINGS OP THE ZOOLOGICAL SOCIETY OP LONDON. 

PiRST Series. 

Parts I.-XV. (1833-1847), 8vo. 16 vols. (Letterpress only.) Price to 
Pellows : 4s. 6d. each part ; to the Public, 6^. 

Index 1830-1847. Price to Fellows : 4s. 6d . ; to the Public, 6s. 

Parts L, VII.-IX,, XL, XIV., XV,, out of print, 

Second Series. 

Parts XVI.-XXVIII. (1848-1860). 8vo. 13 vols. (Letterpress only.) 
Price to Fellows : 4s. 6d. each part ; to the Public, 6s. 

Index 1848-1860. Price to Fellows : 4s. 6rf. ; to the Public, 6s. 

The Parts of this series containing Coloured Plates are out of print. ^ 


PROCEEDINGS OP THE SCIENTIFIC MEETINGS OP THE 
ZOOLOGICAL SOCIETY OP LONDON. 8vo. 40 vols. and 4 Indices. 


lietterprcss only. With Plates uncoloured. With Plates coloured. 


Price to 

Price to the 

Price to 

Price to the 

Price to 

Price to tin 

Fellowi. 

Public. 

Fellowi. 

Public. 

Fellovri. 

Public. 

1801 . . U. . 

. . 6«. ... 

.. 9«. .. 

. 12s 

. 38s. 9(f. . . 

.. 46,.t 

1862 . . 4». (W. . 

. . Os, ... 

.. 9«. 

. 12s 

. 33s. 9(/. . , 

. 46s. 

1863 .. 4.. 6.1. . 

• . 6^. ... 

., 9«. 

. 12s 

• 8Ss. 9^. > . 

. 46s.+ 

1864 . . 4s. 6d. . 

. . ... 

.. 9i. 

. ]2s.t 

• 33s. 9d, . t 

. 46s.* 

1806 . . 4s. U . 

. . 0«.t . . . 

.. 9e. 

. 12s 

. 83s. 9d. . . 

. 46s. 

1860 4s. (jd, . 

.. Os.t... 

. . 9s. 

. 12s.t 

. 83s. U . . 

. 46s 

1867 


9s. 

. 12s.* 

. 33s. 9d. . . 

. 46s. 

1868 

......... 

..98. 

. I2s 

83». 9(1. . . 

. 46s. 

1809 



..9s, 

. J2s 

83», U . . 

. 46s. 

1870 


..98. 

. 12s 

8Ss. 9d. . . 

. 46s. 

Index, 1801-1870 



.. 4^. 6(f... 

. 6s. 


1871 


.. 9i. 

, 12s.* 

33s. 9d. . . 

. 46s. 

1872 


..98. 

. 12s.* 

33s. 9(f. . . 

. 46s.t 

1873 


.. 98, .. 

. 12s 

, 83s. 9d. . . 

46s. 

1874 


..9s. 

. 12s.t 

. 80s. 

,, 48s.t 

1876 


,.98. ,, 

. 12s 

.86s, 

,, 48s. 

1876 


98 . .. 

.12s 

.86s. 

. 48s.t 

1877 


. . 9«. . , 

. 12s. ..... 

. 80s. 

. 48s. 

1878 


,,98, , , 

. 12s 

.86s. 

. 48s. 

1879 

1 • ■ c c • • • • 

,.98. 

. J2« 

. 86s. 

. 48s. 

1880 


..98. .. 

. 12« 

. 80s. 

. 48s. 

Index, 1871-1880 

* • • . 

.. 48. U.. 

, Os. 



1881-1890. Ten volumes . . 

.. Each ... 


. 30s. 

,. 48s. 

Index, 1881-1890 


.. 4s. U... 

e 6S. 



1891-1900. Ten volumes . 

.. Each ... 


. SOs. . . 

. 48s. 

Index, 1(»1-1900 


.. 4s. 6(f. .., 

. 6s. 




* No perfect copies in stock. 


t Out of print. 



PROCEEDINGS or th« GENEr4l MEETINGS for SCIENTIFIC 
BVSINESS or thb ZOOLOGICAL SOCIETY OF LONDON. 


8vo. 4C vOls. and Index. 


1901-1910. Twenty volumes 

Index,' 1901-1910 

Index, 1911-19^0 

1911-1916. Twelve volumes 


1917, vol. 1. . 

n. 

1018, vol. I. 

„ ,> II- 

1919, vol. I. 

„ „ II- 

19->0,vol. I. 

„ „ II- 

1921, vol. 1. 

» ,, II- 

1922, vol. I. 

„ » II- 

1923, vol. I. 

„ II- 

192-1, vol. I. 


Price to Price to the 
Fellowi. Public. 

Kacli 18s 24«. 

.... 4s. .... 6s. 

.... 85 105. 

.... 185 245. 

.... 185 245. 

.... 95 125. 

... 95 125. 

... 95 125. 

... 1 05 205. 

... 155 205. 

... 1 5.5 205. 

... 185 245, 

... 185 245. 

... 185 245. 

... 185 245. 

... 185 245. 

... 185 24s. 

... 1 85 245. 

... 185 245. 


LISTS OF THE ANIMALS IN THE SOCIETY’S OARDENS. 

List of the Verfcebrated Animuls now or lately Living in the Gardens 
of the Zoological Society of London. (Eighth Edition.) 8vo, 
1883. ^ Cloth, 45. Q(L 

List of the Vertehrated Animals now or lately Living in the Gardens 
of tlie Zoological Society of London. (Ninth Edition.) 8vo. 
1896. Cloth, 65. 


CATALOGUE OF THE LIBRARY of the Zoological Society of 
London (Fifth Edition.) 8vo. 1902. Cloth, 65. 

THE OFFICIALILLUSTRATED GARDEN GUIDE— 22nd Edition 
(Kevi&ed) — with (1) a Railway and Street Map; (2) a Plan of 
the Grounds ; (3) a short description of some of the principal 
animals in the Collection, with 52 Photographic Illustrations 
and Index. Price Is. in Stiff Paper Cover, postage 2(?. 

ZOOLOGICAL RECORD. — Tol. 59, containing literature relating 
chiefly to the year 1922, will bo published in July 1924, 
price £3. Vol. 60, for the year 1923, is being prepared as 
usual, price £3, or subscription, if paid in advance, £2 IO5. Od, 


Regent’s Park, London, N.W. 8. 
June, 1924. 


P. CHALMERS MITCHELL, 

Secretary, 


These puhlicatlons may he obtained at the Socuixy^B Omoi 
or ikrouyh any boohdUr, 



PROCEEDINGS 
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OENBRAL MEETINGS FOR SCIENTIFIC BUSINESS 

OV TUB 


ZOOLOGICAL SOCIETY OF LONDON. 


PAPERS. 

1. Polycha'ta of Tropical East Africa, the Roit Sea, and 
Cape Verde Islands collected by Cyril Crossland, 
and of the Maidive Archipelago collected by Pro- 
fessor Stanley Gardiner, M.A., F.R.S. By Cykil 
(yROSsLAND, M.A. (Cantab.), D.Sc. (Lond.), O.N., 
F.Z.S. 

[Received July 25, 1923 : Heed November 20, 1923.} 
(Text-figures 1-126.) 

The Lnmbriconereid® and Stanrocepbalida. 

In 1904 the author was working out a collection made by him 
in Zanzibar and Bntish East Africa (now Kenya Colony) while 
working for Sir Charles EJiot, G.C.M.G., F.Z.B., the High Com- 
missioner. Finding that in the state of the literature at that 
time, oertainty of discrimination of species would bb assisted by 
at wider range for examination and being particularly interested 
in comparing the faunas of the Atlantic and Indo-PaciHc areas, 
he applied to the Carnegie Trustees, who provided funds for an 
expedition to the Cape Verde Islands. While there he was 
(^ered by Professor Herdman a post under the Sudan Govern- 
ment to examine the Pearl Fishery of the Red Sea, and has 
been engagicd there since. This is the origin of the fourth 
(Bed Sea) collection. 
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The examination of the two former is being resumed after an 
interval of 19 years, only the Amphinomidss and Aphioditidae 
having been dealt with iii the meantime by Mr. Potts. 

The present instalment completes the Eunicidae of the 
Maldives and East Africa and describes the Lumbriconereida* and 
Staurocephalidfe of the four collections. 

The following are the genera already described : — 

A. In this journal by the present author. 

(1) P. Z. S. 1903, p. 169, two new species of Phylloehmto- 
pteru8 from Ea«t Africa.. 

(2) P. Z. S. 1903, vol. ii, p. 129, species of Diopatra^ Onuphia^ 

Marpliyaa^ and Lysidice. 

(3) P. Z. S. 1904, vol. i. p. 270 — Chmtopterua^ Phyllocimto- 
pterus^ Hyalinvbda, Onuphis. and Lyaidice, from the 
Maldives. 

(4) P. Z. S. 1904, vol. i. p, 287 — Eunice and Nicidion from 
the Maldives and East Africa. 

B. By F. A. Potts, Esq., M.A.: the East African’ species of 

AmphinomidfiB, Palmyrida), and Aphroditidaj are in- 
corporated with Prof. J. Stanley Gardiner s Collections 
from the Pei*cy Sladen Expedition in 11. M S. ‘Sealark,’ 
Trans. Linn. Soc, ser. 2, Zool. vol. xii. p. 355, and 
vol. xiii. p. 325. 

The absence from this paper of shaded pencil drawings may be 
noted. I believe them to be unnecessary to workers familiar 
with other species of the same genera. The numerous outlines 
provided can be published at the same cost as a few lithographed 
plates, and the greater number of illustrations adds much to the 
value of the work My own experience leads me to believe that 
future workers will also be grateful to be spared the constant 
turning over of pages to refer to numbers on plates and back 
again to their explanations. 

It will be noted that I have attempted the description of 
species^ not merely of selected specimens. The former is a much 
more diihcult and tedious task, but as >vorms are not postage- 
stamps the more difficult way is the only one applicable. It has 
resulted in the discovery of I'emarkable variations in certain 
species, while others seem quite stable. 

As i^gards the comparison between the faunas t)f the two sides 
of Africa, so far as these few species go they remain distinct. 

The British form, Lumbrieomreis latreillH sszL.japonica Mavenz.), 
is represented on both sides, but with slight variation in the 
Orient. ArabeUa novecrinita^ sp. n., ranges from the Indian to 
Atlantic Oceans, also forming variations in the process. The 
jaws of this form, like those of (Enone fvlgida (which appears to 

^ It thottld not be neeemary to i>oiut out that these small %Qre8 are reproduced 
from larg^ ones in which detail was carefully considered, in the case of setw, where 
ttecessary, with the aid of ^th inch objective and always of camera lueida. 
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bo recorded by Fauvel from West Africa), show remarkable 
oscillations between symmetry and asymmetry. The genera 
Dnlonereis and Staurocephalus show no species common to both 
oceans. 

As might be ex|)6cted, there is a parallelism between Atlantic, 
Indian Ocean, and Mediterranean species. For instance, X. 
heteropoda ranges from Japan to the Red Sea westwards and to 
California eastwards, but is not found in the West Indies, where 
the distinct X. hrancluaia Treadwell takes its place. In these 
collections X. dehilia Or., from the Philippines and Re<l Sea, 
seems a parallel to X. albifrona^ sp. n., from the Cape Verdes. 
The Oriental (Enone ftdgida^ again, is so near the Halla parthe- 
nopeia of the Mediterranean that the separation of the species 
into two genem slioiild no longer hold. 

The distribution of X. hrevicirm Schmarda seems anomalous: 
the species having been recorded only from New Zealand luid 
♦South Aiisti’alia, its appearance in the Cape Verdes is unexpected. 
1 have therefore desciihed my specimens in detail in order to 
])i*ovide the means whereby my determination may be corrected if 
necessary. Tlie species comes nea.r to, but, so far aii my material 
goes, is distinct from, the X. imjyniiens of the Channel. 

Genus Lumbuiconereis. 

This genus is one of exceptional difficulty, but from theexamin- 
ation of tlie numerous specimens of tliese collections (wliich 1 
divide into seven species, two being new), it is concluded that their 
<liscrimi nation might he easier if authors were to give more 
attention to features not usually emphasized, e. y, the form of the 
body and details of form and structure of the jaw-plates. In 
many works the characters given will discriminate species locally 
collected, but are not enough for certainty where the geogra- 
phical range is the main subject of investigation. The time is 
not yet ripe for expressing the characters of species of Pol^chaeta 
as short and simple formulae, least of all in such a genus as this. 
This was Grube’s ideal, a. y, in 1868 and 1869, when he described 
Fhrenberg s and Fmuenfeld’s collections from the Red 8ea, with 
the i-esult that, even when other collections from the same area 
are being examined, not one of his four species can be recognised. 
Indeed, so far as his descriptions go, they may be Notocin m^ 
DrUomreis^ or Arabella^ and not Lumhriconereis at all. 

Fauvel, Ann. Polych. de Madagascar etc., gives Lamhriconereis 
mraicclor Grube, from both Bhreuberg’s and Frauenfeld’s Red 
Bea collections, as a synonym of Clp , which lie records 

from Jibuti and Obok, in the Gulf of Aden. Grube’s Lumhrico- 
nereis versicolor is probably a Jh'ilonereis or an Arahellay but the 
description omits all mention of the jaws and all details of the 
set^e, so that it is sheei^ guess-work to identify it, 1 dhl not find 
D.JUum either in the Red Bea or at Zanzibar, but in l>oth localities 
I obtained the new species BHlomreis major and 2>, loganL 

1 * 
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The species here described maj be classified thus 


A. With eompcmnd 9e%m* 

Frctttomiiiin conical, bodjr narrowed 
antei’iorb' X. latreillu 

Profttomittm short, may be prtobnlar, f eocdnea. 
body not narrowed anteriorly. ... alhifrmn, 

Lsp. n. 

H. JVe compound mta: 

Proetomtum conical. No crochets in anterior feet. 
Feet increase in length posteriorly. X. heteropoda. 

Feet small posteriorly X. mondo, 

[.p.n. 

Prostominm short or globular. Crw'hets in anterior 
feet. 

Feet increase in length posteriorly. X. hi$vieirra. 


I 


Feet short posteriorly X. dehilin. 


Oth 0 r principal 

Jaws of general form hnt 
short supports. 

Ko other distinction from 
X. latrdllu 

Long supports, 4 teeth in 
maxillse II. 


Posterior feet with large 
procesKfs. 

Mandible of great length 


Hind bod}' segmonts not 
ninch elongated. 

Hind body segments long. 


Lumbiucjonereis iiETEEOPODA Maren^eller. 

L* heteropcxla V, Marenzeller, “ Slidjapanische Aiineliden,” 
Denkschr. Akad. Wieu, 1879. 

„ Fauvel, Arch. Zool. Exp. et Gen. t. 58, fasc. 8, 

p. 

,, Izuka, Journ. Coll. 8ci. Tokio, xxxv. 1912. 

L, erecta Moore, Acful. Nat. 8ci. Philadelphia, 1904 ife 1909. 

Not X. heteropoda Mclntosli, ‘ Challenger,* xii* 

My specimens agree better with Marenzell€r*s description than 
with McIntosh’s, which I reluctantly conclude should refer to 
another species. The difierences in the two descriptions are to 
be found in the jaw apparatus, both large dental plates and 
lower jaws (mandibles), the uncinate setce ♦, and especially in the 
great development of the posterior lip of the seta-sac in the hind 
region of the body, which is so characteristic of this species. 

The striking features of the species are : — 

(1) B^y form round but depressed posteriorly. 

(2) Feet remarkably long for this genus in the posterior part of 

the body. Jn the living animal blood-vessels were con- 
spicuous. 

In all regions of the body the poeierior Up of the eeta-me is 
drawn out into a finger^Ike process, which on posterior feet 
attains a length equal to that of the foot and gives a charac- 
teristic appearance to this region of the body. It is either turned 
dorsftlwaifls or lies backwards (see text-fig. 6). 

(8) Setie of two kinds only, capillaries and crochets, no jointed 
setie. 

a Afcinii reswmbling tlw two-tootbeJ selii figured by Mclntof^h olteti restyltv from 
wear of the normal multiyte tootbed-end m thbi and otber speeiee. 
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(4) Upper jaw-plates hlack^ not merely a dark brown. Generally 
similar to otbor species. 

Marenzeller’s doscrif>tion, accurate as it is, can be completed 
from this material, which was collected in the following 
localities: - 

Kenya Colony, Wasiri mainland, on shore: 1 large specimen. 

Zanzibar, Chuaka Bay, iu shore-sand : .3 specimens, of which 
one was about a foot long, a second six indies by a quarter of an 
inch when alive. 

Bed 8ea, reefs of Slmbuk 8iiakin, 0 fathoms, mud : 2 spe- 
cimens. 

Suez Bay, 4-4 fathoms, mud : 1 specimen. 

It does not occur in either the Maid i van or Cape Verde collec- 
tions. 

In life the colour is the usual pale flesh tint, one specimen 
being distinctly red. 



Ij, heteropoda , — Surface views, ilorsal and ventml, of the mandible 
of a Suez specimen. X 30. 


1. Jaw apparatus , — Apparently Marenzeller drew his figure of 
the large dental plates from an opaque specimen. In this species 
the jaws are so black and opaque that little can he made of them 
mounted as tmnsparencies for camera lucida drawing. Text- 
fig. 1 shows such a specimen, to which any details ^ded are 
really guess-work. After bleaching and softening in NaOH and 
HgO, dissection is possible, and details can be easily seen as in 
text-fig. 2. The canals found in species with transparent jaws 
can be easily seen, and the distinction between the homogeneous 
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brown material of the plates themselves and the yellow black- 
spotted accessory plates becomes clear. 

I also give a sketch of the supports of a third specimen, as 
there is some variation in their proportions. 

Marenzeller figures only one-half of the lower jaws. Moore 
describes them but gives only an outline. McIntosh describes 
them as peculiarly constructed, and Izuka follows him in his com- 
parison of the end-plates to a Tellina shell, which 1 fail to 
understand. 

In the hope of elucidating this I give in text-figures 3 and 4 
surface views both dorsal and ventral of a Suez specimen, and the 
usual ti-ansparency of one (text-fig. 5) from 9 fathoms, Shubuk 

I'ext-figure 5. 



Mandible seen as a transparency. Note the greater development of the 
colourless calcareous cutting-edge in this specimen. 

8uakin. I take the latter to show greater age in the darker 
markings and greater stoutness and breadth of the plates, though 
all are of the same length. The Suez sj>€cimen is markedly 
asymmetrical. 

2. Feet . — ^'riie lip of the seta-sac is stated to project greatly in 
many species, but on further exandnation, and where figures are 
given, it is found that the projection is quite small in comparison 
with that found here. 

McIntosh describes ^*a considerable triangular area elevated 
above the foot '* ; Marenzeller a long finger-shaped backwardly 
directed appendage, half the length of the parapodium,” his 
figure corresponding to middle region feet in my specimens. 
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Marenaseller^s i^cimcm was undergoing regeneration ikm- 
teriorly *, so that apparently he did not see the full development 
of this remarkable feature. In undamaged specimens these pro- 
cesses in the last third of the body attain a length equal to that 
of the paiapodiuin, which is itself peculiarly elongated (see text- 
fig. 6). They are fiattened, generally diiected over the back, and 
sometimes show a constriction where tliey join the foot. Being 
highly vascular and evidently functioning us gills, they tend to 
take the position, relative to the body, assumed by real gills in 
other Annelids. 

These structures justify the specific name heteropodaj which is 
not at all applicable to any other Jjiimhricon&ireis except erecto, 
not even to the L, hranchiata of the West Indies, which is some- 
what similar. Text-figures 6a & b show posterior segments ex- 
panded and contracted. In my specimens the former conclitiou 


Text-figure 6. 



L. heteropoda . — Feet of the hind region ehowing the characterisstic proccsh 
of the seta-sac lip. 

(d) Segments elongated, feet fully protruded and Rcta-sau lip lying posteriorly. 
X4. 

{b) Segments contracted, seta-sac lip dii'ected dorsally. X 3. 

Conditions a and b may be found in the same worm. Fig. a ropresentM 
an extreme case. 

(<j) One of the feet of the hind body seen from the fore side with vascular 
process of seta-sac lip in erect position. 

is the commoner, but both may occur in adjacent parts of the 
same worm. The length of the feet is sometimes lessened by 
their partial retraction into the body-wall, which explains the 
only difference between my and Moore’s Californian specimens. 

This development of the seta-sac lip in the hind body, the 
most characteristic feature of the species, is not mentioned by 
Jbuka, whose figure again of an uncinate seta differs entire!}’’ 
from McIntosh’s, and is not very like Marenzeller s. 

3. — I am not able to find so broad and distinct a distal 

tooth at the end of the crochet ({. e. opposite to the main hook) as 
is shown in Marenzeller’s and Izuka’s figures. Moore’s figure 
(for L, ereda) shows an extreme development of the broad guards 
such as occurs in anterior feet (text-fig. 7 <%). The posterior seto^ 
$dP0 ta&pe slander and project a long way (text-lig. 7 i). In other 
respects Moore’s figures correspond with my specimens. 1 give 
* X pMftuiie that ** may bear thia luaanifif. 
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three figures of these setae showing individual vnriation and tJmt 
between anterior and posterior feet. In the teeth at the end of 
the seta the specimen of text-fig. 7 c is clearly intermediate 
between the other two. The fine toothed form is the more 
common, especially anteriorly. In colour they vary between no 
colour at all and, in one specimen, dark brown. In this specimen 
extremes meet, the colourless setm being apparently ready to 
replace the old <leeply coloured ones. 

This is a species of wide distribution fi*om the Red Sea to the 
Indian Ocean and both sides of the Pacific, Japan and California. 
It seems significant that it does not occur in the West Indies, 
wliere its place is apparently taken by the distinct L, hrmichiata 
Treadwell. 

Text-figure 7. 


/ h 

L. heteropoda , — Oochet setae, showing variation. 

(a) Middle regrioii of Kenya Colony specmion. The broad guard is like that 
figured by Moore. 

(&) From hind end of Zaiusibar specimen, finely toothed. 

(c) From middle region of ZaiiRibar specimen with teeth of intermediate size. All 
X330. 

Moore also records Z. heieropoda as dredged by the ‘ AlbatwMs^ 
near Japan, but neither Izuka nor 1 can agree with his sug- 
geetion that it is the same as Z. hifurcata McI. 

The difierenoes are noted by Mointosb, the principal being that 
in the latter ho^h lips of the seta-sac are prolonged, a condition 
carried to an exti^etne in Z. hiflaris Ehlers^ from Boufeh America. 
In both fwatdif and b^laris the pi'ostomium is ‘‘a somewhat 
acute conet,” quite different from the blunt prostoniium of Z. 
ropoda. In life it was noted that the prostomium was very 
mobile and eeuld be pointed or quite blunt. It is not pointed in 
any of the preserved specimens, however, 

* BllikfS, *Poh'«)luwt«n d«r MagAHtaeniselMm aad Chilenltohen etrsnde*,' p. 180, 
Berlin, 1001. 
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Lumbrkjonebbis LATiiEiLLi Aiid. et Edw. 1843. 

L.jaimiica Miirenzelier, “ Sudjapanisclift Anneliden,” Deiik. 

Kais. Akad. Wks. Wien, 1879. 

„ McIntosh, ‘ Challenger,’ vol. xii. 

„ Izuka, I, c. 

„ Moore. Acad. Nat. Sci. Philadelphia, 1903. 

„ Treadwell, Carnegie Inst. Wash. No. 312, 1922. 

X. latreilli l)e St. Joseph, Ann. Sci. Nat. 1898. 

„ McIntosh, Jirit. Annelids. 

„ Fauvel, Arch. Zool. Exp. et Gen. 1919. 

X. Qiaauta Treadwell, Carnegie Inst. Washington, xv. 1921. 

These collections provide a series of examples from giants 
5 Him. in diameter (Minikoi) to minute examples of 0*5 and less, 
from both the Atlantic and Indian Oceans. 

We thus have material for ; — 

(1) Understanding the inclusion of the ^Challenger’ specimens 

in Maren Zeller’s species in spite of wide differences of seta* 

and jaws. 

(2) A study of varijition. 

(3) The study of the marked changes which occur during 

growtii. 

(4) The study of the differences between Atlantic and Indian 

Ocean varieties. 

By the kindness of Dr. E. d. Allen, F.R.S., F.Z.S., Director of 
the Lalioratory at Plymouth, I have been enable<l to make a 
detailed comparison between these collections and specimens from 
the English Channel. 

Special attention to minute detail has been necessitated not 
only by the variation between individuals of dittei-ent sizes and 
of the two sides of Africa, but by the close lelationship between 
X. latreilli and other species. For instance, Willey in referring 
to this species (under the name of X. nardonia), writes: “ Almost 
the only difference (tlie only one which I can recognise) between 
X. coccinea and L, nardonia relates to the form of the prostomiuiii, 
which is subglobular in the former and subconical in the latter.” 
He mentions also the greater breadth of the body anteinorly in 
X. coccinea. In fact, previous descriptions of the species omit 
much of interest, and the figures published are too few and often 
too rough for this difficult genus. The necessity for accurate 
detail is specially emphasized here by the occurrence, in single 
individuals of medium size, of most of tl)e types of seta found in 
the genus, and to these several othei*H are added by the largest 
and smallest examples. The generalised character and variability 
of the jaw apparatus deprive us of the help which these organs 
might have been expected to give. 

* ** Llttaml PolycUaita frpm the Cape of Good Hope,” Trans. Soc, vol, is. 

1903 - 7 . 
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Short description. 

Body narrowed anteriorly, the broadest part being 10-15 
segments behind the head. Round, slightly flattened ventrally. 

Prostomiiim bluntly conical, longer than broad, generally 
smooth and more or less round in vertical section (text-tig, 8 a.) 

Jaws of a generalised type, usually 4 teeth on each of the 
lai’ge plates; supports often broad, pointed and more or less frayed 
behind. 

Feet well developed throughout the body; process of seta-sac 
lip conspicuous, but more so in posterior segments than in 
anterior. 

Seta) comprise capillaries, jointed compounds and unjointed 
crochets, besides aciculaj. The heads of compounds are longer 

Text-figure 8. 


b 


a 

X. latreilli. 

(а) Prostomium and fore body of a preserved specimen, ventral view. X 15. 

Palps (or mundpoUter ”) throat forward by beginning of eversion of jaw 

(б) & (c). Hough sketches of dorsal aspect of the living worms, in (c) contracted. 

All three from Ciiihj Verde Isl. specimens. 

anteriorly, shorter posteriorly, but their pi*oportions vary greatly 
with the size of the specimen. Their heads, like the crochets, 
bear one large tooth with smaller denticulations above it, Tliese 
vary in number and distinctness. Compound setae disappear 
about the 20th foot and are replaced by crochets, which continue 
to the end of the body. To about tbe 40th foot they are 
accompanied by a few capillaries, thereafter are found alone. 

The specimens from the Cape Yerde Islands agree closely with 
those from Plymouth, but the Oriental examples constitute a 
distinct variety (possibly two varieties) and will be described in 
detail later. 

Three specimens were collected from among nodules of litho- 
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thamuia at 3 fathoms in 8t. Vincent Harbour^ all Bmali, 1*3 mm., 
1*1 inin., and 0*6 mm. in diameter respectively. 

One from digging in white shell-sand on the shore of the 
Isl^d of »Sal and several small from “ washings.” 


Text-figure 9. 



X. latreilH.^^-lOth foot showing sinuous and straight capillaries. X 100. 

The species is apparently far less common in these localities 
than the next to be described. 

The colour in life is described as bright pink ; no pigment 
except a few spots on the base of the dorsal surface of the pro- 
stomium, too irregular to be eye-spots. 

In the smallest specimen from Sb. Vincent tliere did appear 
to be minute grains of reddish pigment m the skin which left the 

Text-figure 10. 



SISrd foot allowing full development of the straigliter eetae^ together with the 
single ventral .seta. The angle between head and shaft varies in a^jscent feet. 
X 100. 

inters^mj$ntal grooves coloui'less. Posteriorly the colour became 
y^lowish. 

The worm is active, and the prostomium may contract as showo 
in the sketch (text-fig. 8 6, c) as a result of handling* This 
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rough sketch riiowA, hcwer^r, that there ia but little change of 
ahape on killing in fresh water and spirit, though there m great 
oontraotion of the body, the original length being haired (text-- 
fig* 8 a)* 

The foi’in of the body, prostomiuna, jaws, etc. are describe<l 
sxifficiently under var. japmica, but attention is directed here to 
details of the setee, wdiieh have not hitherto been described, though 
they agree well with British specimens. Among the capillary 


Text-figure 12. 


Text-figure 1 1 . 



X. latreilli. — Lori^j and medium- 
headed compound setae from 10th 
and 20th feet. Note marked 
variation in the teeth. Fipr. a 
show« the commonest type of head 
and donticulution. X 320. 



Three settc of 27tli foot—viz., short- 
headed comiwund, intermediate 
form of crochet and ventral capil- 
lary. X 200. 


aette two kinds enn be distinguished — the leather broad, sinuous 
form eharacteristic of the two dorsal and^single ventral of eacli 
foot, and the straight-headed pair next to the compound setje in 
tine dorsal bundle. All are nnrrowly bordered, but in tlie second 
fcMnai the border is confined to. a short portion at the base of the 
head. Their normal forms are shown in text-fig. 9, which shows 
the setcB of the 10th foot. 
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In the region between the 20th and 25th feet this pair some- 
times becomes very prominent and the heads are often bent at an 
angle with the shaft; text- fig. 30 shows an especially conspicuous 

The compound sette may be roughly divided into long, medium, 
and short headed, the former being found between feet 5 and 17, 
the medium b^efore 5 and from 18 to 21. In the 21st foot 


Text-figure 13. 



The OxpcJidbta variet}' of seta, from 10th foot. 


medium and sliort-headed setSB are found together, as are long 
and medium in the 17th, but from 20th to 25th short heads occur 
alone. In the 25th foot an unjointed crotcliet appears in place 
of one of the compound seta^ ; the latter disappear in the next foot, 
whicl), like all as far as the 40th or thta’eahouts, bears a few 
capillaries and crot<diet8 tmly. These capillaries dwindle in 
number and size and die out in the region of the 40tb foot, after 
which 3, sometimes 4, crotchets occur alone to tlie end of the body. 

Text-figure J4. 



i, latreilU , — Crochets of posterior feet, thick and thin from one foot. 

Denticulations differ marked!}*. X 240. 

Text-figs. 11 and 12 give details of these compound setiB. It 
will be noticed that while there is considerable variation in detail, 
the cliaraoteristic form of the head is preserved and that the 
denticles it bears consist of one rather square-ended tooth with 
fine denticles above it. In certain cases the large tooth itself 
appears to be split. 

In a single specimen, one dredged from 3 fathoms oS’ Boti 
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Yista Island, one seta was found having an elongated end to the 
guard as shown in text-fig. 13. The occasional occurrence of 
compound setae with this feature characterises X. oxycha^ta Gravier 
from the Red Sea, which is otherwise very like X. japonica 
Marenz.— the present species — but appears to differ in the 
prominence of its prostominin, length of setse, aiid details of the 
heads of compound setaj and hooks. Also a specimen the size of 
Gravier^s, 0*95 niin. in diameter, would hardly have compounds 
with such long heads as those figured if it were really of this 
Species. The occasional appearance of this structure in L.fragilis 
is figured by McIntosh, Brit. Ann. pi. Ixxxii. fig. 2 6. 

Text-fig. 12 shows the transition form of the crochets, which, 
while figured as cliaracterjstic of the crochets of other species *, 
has not been described in X. UUreilU^ though I find it in all 
specimens, including those from Plymouth. It occurs only in a 
few feet about the point at which the compound setse disappe^, 
after which the more normal form takes its place (text-fig. 14). 

Tliese crochets are all very finely denticulated, generally the 
drawings are comparatively coarse. In many cases they are con- 
tinued into the upper surface of the large tooth so that its 
individuality is lost. In all the posterior feet the three crochets 
are thick, medium, and thin, of which the first and last are shown 
in text-fig. 14. 

The wings, or hoods, vary in both length and breadth. 

L. LATRKILLI var. JAPONICA, 

(=s L, japonica Marenzeller.) 

The following are included . — 

From Equatorial East Africa: 

Waain, 10 fathoms, fragments of 6 small specimens. 

Ohuaka, Zanzibar, between tide-marks, 1 specimen. 

From the Maldives : 

Hulule, Male Atoll, 7 largest specimens, 5 mm. broad. 

Minikoi, I of 1*5 mm. 

Red Sea, Suakin Harlmur, 2 specimens. 

Suez, by J. Gordon Logan, Esq. : 1 hind end. 

„ by 0. C. : Dock walls among Margaritifeca vulgaris^ 
1 specimen. 

X. n(mUa^ Yerrill, described by Treadwell from the West 
Indies, is 4*4 mm. broad and resembles, in structure as well as 
in size, the above specimen from the Maldives. It is curious that 
X. ltdreilli does not occur among the eight species Treadwell 
<l6scribes ; L.jloridana is neai^est, bift has com{)ound setiB alone 
in the first ten feet, and in none of the eight species ai*e the 
different types of these setie — or of the capillaries — described. 

^ Hcintotb, Annelida,* pi. Ixxxii. for species impatuuM^ 

hiherMeat mid taprentianim. I do not Sad any of the posterior croithets so sharply 
bent or diftlnctly denticulated as MclntoslPs toxt*ftg. Sc (of X. latreilli) in any of 
luy apaciment trim the Cape Vevdea or from Plymoutli. 
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Th« apecimens described by Mareixzeller and by McIntosh are 
widely different, especially in the compound setue, which are very 
long-headed in McIntosh’s figure, rather short and broad in the 
original by Marenzeller, and in the jaws, of which the supports are 
extraonlinarily short in the ‘ Challenger’ example and of average 
proportions and no partrcular distinctive character in Marenzeller's. 
Iziika seems to follow McIntosh rather than Marenzeller, though 
the one seta he figures differs from either, and his (hawing of the 
foot omits the characteristic extension of the dorsal corner of the 
seta -sac lip. 

Fj’om the examination of a series of specimens of all sizes I 
conclude that most of the differences are due to the species being 
of peculiar variability and to the fact that, while the type was 
described from a specimen 2 mm. wide, those obtained by Mclutosli 
and Izuka (and Treadwell) were 7 mm., H mm., and 4*4 mm. wide, 
'L €. of al)out nine times the bulk, ’riioiigli specific identity has 
been established, it is not certain whether these large specimens 
should or should not be made a named variety. 

!No author has yet described, still less figured, tlie interesting 
variability shown, and this should have been done fully before the 
identity of species of these large sjieciinens witli the original of 
Marenzeller liad been accepted, or, in these collections, the lMrg(‘ 
specimens from Male Atoll an I Suakin Harbour with tboseof Fast 
Africa, otlier parts of the lied Sea, and the Cajie Verde islands. 
Even though the sp('cies has been know'u so long from tin* 
Channel, etc., a really complete and accurate description of 
variation lias not yet appeared. 

To form a basis for a descrijition of the changes of structure 
w'ith size, and for comparison with the other variety and cIos«dy 
related species, a single specimen is first described in detail. For 
this purpose the larger of two specimens from Suakin Ilarhonr is 
selected as being of medium size — 2-5 inni. maximum breadtt! 
without the feet — and having undamaged setie. 

The proportions of the body are given by text-figs. In to 17, 
which show the rapid taper at the head end. The body in this 
region is very muscular, but U»ss so after the lOth segment, where 
it narrow^s slight!}", to expind again to its mnximnm, which is 
shown in text-tig, 17 aliout the 50th segment. Posteriorly, as is 
usual, muscularity decreases and segments become somewliat 
longer, but they do not lengthen conspicuously as in some other 
species. There is a gradual taper to the tail, which has cirri 
long for tliis genus. I find only three, all of the same length, 
in this specimen. 

The body is round in section, only slightly flattened ventrally, 
bnt flatter in the posterior third. 

The prnstomium is somewhat egg-sh.aped thin end forward, 
longer than broad and round or nearly so in transverse section, 
q-mte smooth dorsally and ventrally. It bears two minute pits 
ii^ually ju«t under the edge of the peristoniium, but no other 
sense organs (these ai»e shown in text-fig. 16 by drawing the 
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prostomium slightly forward). The “muadpolster” are con- 
spicuous in this specimen, and show a transverse wrinkle. 

The peristomium Las the proportions shown, and in this 
specimen its relations to the mouth are a little abnormal, in that 
the second segment forms so short a portion of the lower lip. 


Text-figure 15. 



X, latr 0 ilU var, Japonica , — Dorsal and Tentral views of tbe anterior ond of the 
Suakin specimen. Protrusion of the ** mundpolsters ” and peristomial border 
of the mouth are somewhat exceptional in this specimen. In dorsal view the 
prostomial pits are visible. X 12. 


Text-figure 17, 



Ventral view of body about 30th segment tilted up on right side to 
show the feet. X 12. 

The upper jaws (see text-fig. 18, from East African specimens) 
are dark brown in colour and of quite general pattern, the teeth 
being 4 — ? 5 ; 2—^2 : 1~1. Theraieed head of the large plate is 
somewhat short, pincers slender and well curved. In a side view 
tbe baee of the pinoers and their iunction with the supports are 
mm to he beat veatialwerds, the points and tbe supports 
Paoc, ZoQU Soo,— 1924, No. XI, 2 


18 


DR. C. CR08SLAXD OX THE POLrCHiETA OF 


(lorsalwai’ds. The supports are short, pointed posteriorly, and 
frayed along their posteriorly edges. 


Text-figure 18. 



Ij. latreilli var. japonica . — Jaw apparatus. Supports of two other spec. mens 
are drawn below to show range of variation in shape, (a) One of the large 
plates removed to show head, si<ie-platc' and calcareous additions to teeth. 
X30. 


Text-figure 19. 



Feet ; 6th, 20th, 80th, and 60th. X 26. 


The lower jaw is glassy and has little colour except the bro'wri 
marks resembling the graining of timber and the black-dotted 
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aoterior edge, in which features, as well as in the general propor- 
tions of the plates, there is but little difterence to L, heteropoda 
and other species. 

The feet (see text-figs. 15, 17, & 19) are comparatively well deve- 
loped throughout the body, largest in proportion to the breadth of 
the body in the first 20 segments. The posterior lip of the seta- 
sac forms a finger-shaped process from the first foot. This soon 
projects beyond the foot for a distance equal to half the length 
of the foot, but it never approaches the development of X. hetero- 
poda, and is no more evident posteriorly than it is from the third 
or fourth segment. 

Text-figure 20. 





Text-figure 21. 



Dorsal capillar}*^ sctie from 6th and 20th feet. X 100. 

The setsB, in these anterior segments only, are numerous and 
projecting a long way beyond the foot in a beautiful fnn. 
Simple and compound forms occur together from the first foot 
(which McIntosh remarks is distinctive of the species X. latreillu 
though X. coccinea shows the same feature). The capillaries are 
slender, narrowly winged with very fine elongated tips, and 
finely striated. 1 can find none like that figured by Mai’enzeller, 
sharply bent with broad wiugs (text-figs. 20 & 21). 


2 * 





Text-fiofure 26 . 



>cliet 'ctse. Left to right a pair of the intermediate form from 30th foot, the three crochets of 55th and one large crochet from 8oth foot. 

Figs. .24 & 25 X 260. Pig. 26 X 320. 


22 


DR. C. CROSSLAND ON THE POLYCHiETA OF 


The numbers found 4are : ~~ 


Foot 6 

Capillaries 4 

Compounds 6 

Capillary 1 

Aciculse ‘i 

10 

»» 

6 

„ long 8 

„ 1 

3 

» 16 

1) 

5 

,, med. 9 

» 1 

* 

» 18 


4 

» 6 


„ 8 

» 20 

ti 

6 

» 4 

M 1 

„ 2 or 3 

„ 26 

a 

4 

» 4 

» 1 

„ 2 

» 30 

»> 

3 

Crockets 3 


» 2 

„ 40 

}) 

2 

>» 3 

- 

„ 2 


Of these capillaries two patterns may be distinguished, though 
not so clearly in this specimen as in others. J’he dorsal and 
ventral units are broader than the others, and more sinuous, tlie 
ventral the shorter. The two ventral of the dorsal bundle are 
less sinuous and more sharply bent, if at all, have more conspicuous 
but shorter wings, and end in very long attenuate tips. Tliese 
variations can be followed through the series of feet, but are 
more clear about 20-25. The wings are narrow in all eases, but 
in many hardly visible at all. 

The compound setae are ])eculiarly variable. In the first 
ten feet or so they have heads of a veiy elongated form with 
narrow, often scarcely distinguLshable, borders. The hoods have 
frequently a curious appearance of having fallen away from the 
heads. They are striated, the striae ending in very minute 
denticles along the border, too fine fo?‘ the drawings, though 
these were made under objective. They are indicated in the 
middle outline of text- fig, 22 at the collar-like upper edge of the 
hood. 

Further back the heads are sliorter, or nioro like tliat figured 
by Marenzellor, though the correspondence is far from exact 
(text-fig. 23). 

Variations in the fineness of the teeth at the ends of the heads 
is shown in text-fig. 23, where the example to the right bears 
teeth so fine that their sliape is not given in the drawing. 

These short-headed compound setae are few, for they appear 
only a few segments before compound seta? disappear altogether, 
which is about the 26th foot. This contains six capillaries and 
hooked crochets only, the former disapj^earing about the 40tli 
foot, after which three or four crochets are all that the foot 
carries to the end of the body. 

These crochets vary as widely among themselve.s as do the 
drawings given in various works by wliich species are supposetl 
to be discriminated. Compare text-figs. 25 and 26, in which 
variations are shown in 

(1) prominence of the large tooth ; 

(2) of the denticles behind it and of those upon it ; 

(3) the guard ; 

(4) size and curvature of the seta. 
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As regards the denticles upon the liu’ge tooth, text-fig. 24 
shows almost a doubling of the big tooth ; lext-fig. 25, the seta to 
the right a long narrow tooth at its base and two near its point, 
which latter are so small as to resemble slips of the pen. in the 
setie of hinder segments (text-fig. 26) these denticles, except the 
long one near the base, are scarcely visible. 

The diflference in thickness, etc. of the three crochets shown 
in text-fig. 25 is repeated in every foot, but the bieadth of guard 
shown in text-fig. 26 is an occasional feature. 

Specinien No. 2. — Collected with the above, but smaller, being 
only 2 mm. wdde. The “ mundpolsters” and lower lip are 
normally developed, and the two pits on posterior part of pro- 
stomium are more deeply covered by the peristomial border. 
Otherwise exactly like No. l,as are body proportions and feet 
(text-fig. 27), except that posterior feet are shorter. 

Text-figure 27. 



seen from abo%'c. 

8etie, four compounds, rather .short-headed, in first foot, long- 
headed to 14th foot, tiion shorter to 21st. Capillaries to about 
foot 30. 

The slenderness and other peculiarities of the long-headed 
compounds are here much less extreme, the intermediate short- 
headed being much as in No. 1, but seem to occur in a greater 
number of feet (see text-fig. 28). 

Crochets of the type of foot 30 in specimen No 1 are found 
only in feet 20-25. In the 50th foot (text-fig. 29) one seta has 
broad guards like No. 1, foot 85, with heads like those of foot 55 
in specimen 1. 

70th foot and in fragment of posterior end crochets are of the 
fine-toothed type. 

Specimen No. 3 . — lied Sea, Sfcn. 44, from among pearl-oysters 
(Jf. vulgaris) from the dock-wall at Suez. 

Maximum breadth 1*5 mm.; longest feet, including finger-like 
projection, 0*5 mm. 

Pro- and periatomiura, feet and body proportions agree with 
the above, but for the trifling differences that the body is a little 
Hatter and the posterior feet are perhaps more prominent, an 
appearance possibly due to better preservation. 

The compound sefcoe of anterior feet are like tliose of No. 2, 
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but a1:x)ut foot 20 they are very short-headed. The three types 
found are figured (text-fig. 80). Tl»is last seta is like that 
figured by Marenzeller, but differs in detail, and especially in 
size, these two drawings being of about the same magnification 
[this is X 300, Marenzeller^s x 330]. Crochets appear to be all 
of the fine-toothed type. 

N'o, 4. — A series of specimens of 1*4 to 1*6 min. in diameter, 
from 10 fathoms, Wasiii, Kenya Colony, and 3 fathoms, Chuaka 
Bay, Zanzibar. 


Text-figure 28. 



L. latreilli \\\\. jajioniea . — ConipouiKl seta*, a & b, 
medium and sbort-lieaded from 19th foot ; c, 
long-lieaded from 9th foot. X 240. 


The only difference noted in body proportions, etc., is that in 
some of these the feet appear much less prominent than usual, 
especially posteriorly, an effect which is probably due to the 
bodies being swollen by genital products^. 

Of these, specimens corresponding with No. 3 in size correspond 

* It imod luirdly lu* romavked that Kcxual maturity is frequently found lout? 
before full size is attained in maiu'^ invertebrates ; e.ff.f the pearl-oj'aters, both 
M. vulffafie and M, fmrgariti/era, produce eg^sfa and sl>enn iu their second year 
their mature ages, as regards size, being 3-5 and 6-10 yeara respectively. ’ 
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also in setae, capillaries, compound and crochets. The head of 
the shortest crochet resembles Marenzeller s figure in shape, but 
is again only half the size. 

There are but few of the extreme types, of the longest before 
the 10th foot, and of the shortest one example from about the 
20th (text-fig. 31). 

No. 5.— In the smallest specimens, 1 mm. in diameter*, the 
heads of compound setaj are all alike sh(y>'t^ and at the same 
time the denticles they bear are few and distinct (text-fig. 32), 
and some capillary setae appear to be broader winged. This 
distinctness of the denticles is shown also by some of the 
crochets in one specimen (text-fig. 33) ; in others they are quite 
like those found in larger examples. 

Text-figure 30. 


a 



L. latreilli var. japoniea. Specimen «o. 3. Long, medium, and sbort- 
hauded compound setae from 6tb, 16th, and 20th feet. X 300. 

Hut for the existence of intermediotes the sette of type 5 would 
clearly dififerentiate it as a distinct species, in spite of the fact 
that in the chariiuters of the pro- and peristomia, body propor- 
tions, jaws, and structure of the feet the agreement with the 
other specimens is complete. The proportionate smallness of the 
feet was noted above. 

No. 6. — This descending series is completed by a specimen, 
0*5 mm. wide, fi’om Wasin, 10 fathoms, which is mounted whole 
as a microscope-slide. 

It is remarkable that though the crescentic marks of the 

* It will of course be borne in mind that the difference in size betwoon a speci- 
men 1 mm. wide and another 1*6 mm., is not proportional to these numbers, the 
latter baring more than twict? the ai*oa of cross-section and, roughly, the bulk 

of each segment. 
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Text-figure 31. 



Spt 3 ciincnF of scries 4-. iSctac of 10th foot. X 150. 
Longest and shortest compounds from 6th and 20t.h feet. X 300. 

Text-figure 32. Text-figure 33. 



Series 6. Seta) of an anterior foot. 
X 276. 



Ditto. Crochets of one of the 
posterior feet of the same specimen. 
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anterior end of the mandibles are clearly visible, nothing can 
he seen of the eventually much darker maxillary plates. The 
muscular bulb is well developed and extends back as far as the 
5tb setigerous segment. 


Text-figure 34. 




Specimen 6, the smalle^^t specimen of L. latrnlli \?LX.japonica. 
Feet 7 Ac 16. X 300. 


Text-figure 35. 




Ditto. Details of setae of 10th foot. To right ii crochet from 13th foot. 
Compare these'Jn fig. 34. X 300. 


Compound seta? occur from the beginning (owing to breakages 
the first is visible in the 3rd foot). All are short-headed, and 
most have two or three distinct teeth, others finer and more 
numerous denticles (text-fig. 34). The first crochet (text-fig. 35) 
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appears in foot 9, and the compounds disappear in the next, the 
last capillaries in 20. The last five of these feet contain only one 
short and nariow capillary. 

The crochets are recognisably the usual type but simplified, 
consisting generally of the large fang and two smaller teeth 
above it, the numerous small teeth above these not being yet 
differentiated. 

We have thus a clearly continuous series showing the great 
change in these setae with increase in size of body. The 
capillaries, which are of very generalised type, show nothing 
corresponding; some setae in smaller examples are broader in 
proportion to length, but in the w^hole series 1 find none so 
broad and sharply bent as Marenzeller’s figure. Those drawn 
include, in all cases, the broadest winged. 

The jaw apparatus provides hardly any diagnostic character, 


Text-figure 36. 



Jaws of a small specimen from series 4. X 60. 

except the fraj^ed appearance of the lower part of the supports. 
In general the specimens are alike (compare text-fig. 36 wuth 
text-fig. 18), but the characters showui are all shared by otlier 
species. The sculpturing and canals of tlie large plates, which 
are striking features, are prominent in any others which are 
sufficiently transparent to show^ them ; the I’aised heads of iliose 
plates, overlapping the points of the pincers, are common, and so 
are the shape of the lower angles of these and the cliaractera 
of the upper plates. The supports are variable in shape, as 
shown by the three specimens from East Africa and the smaller 
from Wasin, in which there is a broadening of the bases of 
the pincers si i own to a lesser degree in other specimens. The 
beginning of this feature appears on the left only of the first 
specimen figured. Evidently this variation is individual and 
not connected with age. 
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The numbers of teeth on the large plates are : — 

Specimen 1. 5 — 5. 

„ 2. (nob dissected). 

„ 3. 5~^6. 

„ 4. 5--r). 6-.6. 4-4. 

„ 5. 3-4. 4—4. 

„ 6. (not developed). 

The higher numbers are clearly due to additional small teeth 
developed in some older specimens, as shown in text-fig, 18 a, 
where the plate has been dissected away from forceps, etc. so 
that details of the head are visible. There is sometimes a small 
tooth also above the edge of the upturned head. 

In plates separated from the pincers it is curious to notice that 
the strong brown toothed part, bounded by the vertical line of 
the canals, is separated by a nearly transparent portion from the 
accessory plate to the right which is rendered dense by the usual 
dots of black chitin. 

The lower jaws are also of a common type. The figure shows 
the black and brown markings, which would aid the definition of 
the species were they always visible, but in smaller specimens 
they are very faint or non-existent. In this case they corre- 
spond closely with Marenzeller*s specimen. 

The difiereuces shown by the seven large specimens from 
Hulule, Male Atoll are now expliwible. 

These are all of about the same size, 5 mm. wide, that is 
to say about six times the size of the largest of the j)receding 
series. 

As would be expected, the compound sette are all elongated 
(text-fig, 37). In spite of the fact that unbroken set® are rare, 
the finding of the first crochet (about foot 25) together with 
long-headed set® as shown in text-fig, 38, proves that no shorter 
exist in this region, and one long-hea<led seta exists in a second 
foot. The extreme form found in anterior feet is shown in text- 
fig. 37, with the broade.st which accompany it. The degenem- 
tion (they are not worn) of the denticles and elongated neck is 
noticeable. 

The first crochet of the 25th foot is comparable to those found 
in the corresponding position in the Siiakin specimens, but is 
narrower and has a more elongated neck and smaller teeth. 

In posterior feet the same change of shape and of the wings 
occurs as in former specimens, 

A very striking difierence is seen in the acicula of these hinder 
feet, as it is jet-black (text-fig. 39). Hitherto ue have had only 
yellow aciculne, even in pasterior feet, or at most, brown-tipped. 
Here they are yellow in anterior feet : in foot 20 there are five 
aciculflB, of which one is brown ; in foot 30 there are six, of which 
two are brown. 

In the prostomium, proportions of the body, structure of feet, 
wnd the capilliary setae and jaws there is no difiference to record, 
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except that the dorsal process of the seta-sac lip is distinctly 
more developed, and there are six cjvpillaries in the dorsal bundle. 


Text-fignre 37. 



L, latreilli> Maldivan ^pecimens.—On left : Compound sets from 16th foot. 
Next : Intermediate form of crochet and long-headed compound, both from 
25th foot, X 300. On right : Crochet from a posterior foot, X 160. 

The jaw-plates are dark brown, but the ‘‘canals^' can be made 
out. Yariations in the supports similar to those of the emallei* 
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Specimens occur, and the breadth of the angles of the pincers at 
their articulation varies in the same way (text-fig. 40). 

The lower jaws, as would be expected, all show clearly the three 
sets of brown lines charactenstic of the species. 

In specimens mounted in balsam 19 years ago the calcareous 
matter seems to have disappeared, but in one mounted this year 
it is present in normal proportions. 

The specimen from Minikoi has lost all its setjc except a few 
capillaries and crochets, these and the structure of the feet and 
jaws justifying its inclusion in this species. It differs from all 
other examples in the straighter sides and more pointed outline 
of the prostomium, which bears deep but narrow grooves not 
only in the mid-dorsal and ventral lines, but laterally on both 
surfaces. The two rings of the peristomium are both short and 
of ecpial length ; the lower lip is but slightly wrinkled. Anterior 
feet scarcely project, a feature which is structural and diagnostic 
in some species, but in this case is visibly due to retraction. In 
fact, all the above peculiarities may perhaps be attributed to 
the method of preservation. 

Text-figure 39. 



One of the binder feot with black acicula. X 35. 

The posterior points of the suppm^ts of the jaw apparatus are 
peculiarly long. 

We have thus proved that what appeared to be three species 
are but stages in the growth of one. 

The japonica of the Indo-Pacific is distinguished from the 
type of the species by — 

(1) The great size it may attain, i, e. 5 to 7 mm. across the 

body without the feet. This is accompanied by still 
further elongation of the heads of the compound setse and 
absence of the shorter and medium heads. 

(2) Slightly greater numbers of set» per foot. 

(3) The distinctness of the big teeth on the crochets and lieads 

of compounds, and coarseness of the denticles above the 
big tooth. 

(4) Less conspicuous characters of the middle capillaries of the 

feet about the 20th. 

The smallest specimens from either ocean differ in having 
fewer set® of all kinds, shorter heads to the compounds with 
fewer and more distinct denticles on them as on the crochets, 
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while the capillaries are more broadly winged. These diffiwences 
would place them in a distinct species did not intermediate 
stages exist leading up to typical specimens. As would be 
expected, the change in characters of setee occurs earlier in the 
body, in specimens 0*5 mm. wide, i, e. as early as the 10th foot. 

The table of these variations brings out their connection with 
size quite clearly. 

Text-figure 40. 



X. latreilli. Maldivan spcciineii. — E\tremofe of variation in supports 
of Jaws. X 32. 

There is little, if anything, to separate those smaller specimens 
of L, latreilli from Z. gracilis Ehlers*; indeed, small specimens of 
latreilli, gracilis, coccinea, and alhifroiis converge in such a way 
that their sorting is a tedious business. 

Lumbriconerkis coccinea Ren. 

I doubtfully identify with this species two specimens collected, 
with Z. latreiUi and albifrons, on the shore in muddy sand, at 
St. Vincent and Porto Pmya. 

Willey t remarks that there is no definite distinction between 
this species and latreilli but the breadth of the anterior part of 
the body and the globular shape of the prostomium. After a 
careful examination of the setso, and making drawings of a series 
to facilitate comparison, I have assured myself that there is no 
difference in this respect, making allowance for the sizes of the 
specimens examined. The same remark applies to the jaws. 

On finding one or two specimens of Z. h'evidrra in prostomium 
and body form practically indistinguishable from these supposed 
examples of Z. coccinea, one wonders whether a little rough 
handling to cause violent contraction during preservation might 
not be responsible for the whole difference between the two 

♦ Khlers, * Die Uorsteiiwiimier.’ Mclutosh, ‘ Britisli Annelide.’ 

f « Polycbffita from the C‘ape of Good Hope,” Trent. Linn. Soc, ix. 1903-7, 
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4! Number's refer to lal)e1s and ‘•lides and fitdd note-book. 

Jlie distinction ])etween the three len;gths of the heads of compound setse is of coiiise not definite, 
p. ill S II. 2 the heads marked 3 are longer than tho.se marked as the same class in R.S. 44 and in 
smaller specimens are shorter still. 
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“ species/’ striking though it is. Examination of living speci- 
mens is the only way of arriving at a decision. My own notes on 
the living specimens are not decisive, though tliey give two, not 
thi‘ee, species colhcted together in »St. Vincent llmhoiir. 

The two s[>ecies ap]>ear to lie al\^ays found together, at the 
Cape or in the Adi iatic as in the Oape Verdo examples. 

JirMiuiK'ONEREJs nERiLTS (Jruho. 

Annnlata Sem])eriMna, 1878. 

Tile distinctive featur(*s of this species are : — 

Size small : my eight sjieciinens the larger ai(‘ 1 mm. in 

diannder, like Oruhe’s. 

/ioci// form, I’onnd. with stiff body-wall and slior^ segments 
anterioi lv, thin body-wall and long segments postm iorly, 
the change taking place rather abruptly. 

Prosiomiuni (in Sjiirit) oval or nearly liemispbencal, as long as 
both bnecal segments. 

Jmrfi. J’lates of second jiair with strong teeth lesembling 
tliose <d’ tlie hig dentals. Snjiports long, liower jaw^ 
colon rh'ss. 

Feet small. Hinder lip of seta-sa(‘ pi’ojects finger-fashion 
horizontally. 

SeUe. No com])onnd. Jlrond-endcd hooks in anieiior feet. 
Narrow er - -more normal in ]u>sterior feet. ( -apillari(‘S 
bioad-wu’nged, some sharply bent. 


IVxfc-figure 4.”. 



L. (leltlis , — Vontral views of fei»ccinic'iis with o\al and glolmlar prostoTum 
and .side \jew of the latter. All X 20. 


The form of the body (text-figs, 4i ^ 42), wbicli was noted 
also in the living specimens, is iiiuisnal in this thougli common 
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in other genera of the Emiieiche : it is shown, e. g., in Nicidion 
gracilis, figured P.Z.S. 1904, pi. xxii. of this series, and to a lesser 
degree in Eimicc coccinea of pi. xx. It is coinmon to species 
which live in bun*ows which they do not leave, and to tubicolous 

Text-figure 42. 



Poatovior seirnionts of X. dehihs. X 20. 


Text-figure 46. 


Text-figure 44. 



Jaw apparatus, small plates of upper jaws removed. X 75. 


worms like Diopatrn, in which the hind body has little necessity 
for locomotion. 

The specimens here described were all obtained from Suez : 
(1) dredged in the bay at 4 fathoms ; (2) from among coral near 

3 * 
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shore ; (3) from among a number of specimens of Margaritifera 
v%dgari8 from the walls of the docks. The dredged specimens 
were living in sponge. 

Text-figure 45. 



X. dehilis . — Sninll plates of upper jaws from another specimen. X 100. 


Text-figure 47. 



X. dehilia. Specimen dredge<l at Suea.— 0th foot. Winged capillaries and 
line-toothed crochets, X 180. a, crochet, X 300. 

The living animal is thus described : — 

Prostomium fairly long but very blunt, in outline like the 
bowl of a spoon. Colour pinkish, but posteriorly cream-yellow 
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(in this specimen i, e,) with sexual products, and soft like a 
nemertine, Tliere is no pigment hut a little yellow-brown on 
the prostomium. Segments ia extension distinctly long and feet 
very small.’^ 

In spirit the body is cylindrical and oF nearly the same breadth 
throughout, but rather broader from the 15th to 20th segments, 
and there is a little flattening of the ventral surface in a few 
anterior segments. 

Anterior segments are now rather short, generally about 
6 times as broad as long, in two specimens about 4 times, in one 
only 3 times. The change of body-form is somewhat abrupt 
and varies in its position, the segments at which the change 
occurs being, e. g. 25. 44. 25. 60. 70. 75 ; but, of course, it is not 


Text-figure 48. 



L. debitis. Si’erimeu among coral, Suez, — lOtU foot. Wings of capillaries 
not distinct, crochets broad with distinct tet>th. 

possible to be exact. Behind these points the segments are about 
twice as broad as long (text-fig. 42). 

The prostomium is oval, semi-ovalis paulo longior quam 
latus*' expresses the usual proportions exactly, but, except in 
one specimen, the end is rounder than in Grubes specimen, 
and in another it is practically globular. (Compare text- 
figures 41 dc 43.) 

The jaws (text-fig. 44) are light brown, resembling geneially 
those of small specimens of L. Uxtreilli^ but are at once distin- 
guished by the longer supports, and the second joint in these, 
which has not been observed elsewhere except in Z, Jlondatm 
Ehlers. This is conspicuous in three of my six specimens 
mounted in balsam, cleaily present in a fourth, and hardly to be 
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made out in the remaining two. The central parte of the sup- 
ports are densely black, the lateral brown, these and some narTOW 
bauds of the pincers and parts of the accessory plates being the 
only black parts of the apparatus. The long lateial accessories 
are strong and black, and joined to the angles of the pincers. 
The teeth of the second pair of toothed plates (text-fig. 45) make 
a decided dififeience from Grube’s description, which reads “ 3-ii 
et 4-tii angustae, apice siinjdici.” In view of tlie purely diagram- 
matic nature of all Grube s sketches of the dental apparatus of 
Eunicidte (he gives no figure for this species; and the difficulty 
one sometimes has in getting these small plates into a position 
in which their teeth are visible, I think it likely that Grubers 
statement is due to an oversight. In my specimens I find the 
two teeth of the 2nd pair, like the single one of the anterior pair, 
conspicuously broad and blunt, recalling those of the big dental 
plates. 

The lower jaw (text-fig. 46 ) is delicate and colourless, save for 


^J'ext-figure 49. 



L. Milts . — Hinder (90th) foot and its setir, X lot). 
To left ; Extreme forms of the crochets, X 300. 


some black specks at the anterior lateral angles. The incurving of 
the posterior roots, the central ridge, and the thin brown inverted 
V-shaped lines are characteristic, but the latter are not present in 
moat specimens. Text-fig, 46 was drawn from onC of the largest, 
and shows more colour than do most. 

The feet are small, posteriorly becoming very small, as is usual 
when the hind body is of this character. 

The setae are distinctive in that hooked simple setae (as noted 
above there are no compound setae) occur in the anterior seg- 
ments, where they ai*e broad (text-figs. 47 cfe 48). In the hind 
Imdy (text-fig. 49) they are more slender, i. e. of more usual 
form. Both these and the capillaries are broadly winged and 
of a yellow colour. Variations occur in the same foot and 
diflTerent regions, which are illustrated in the figures. 

The capillaries soon disappear and in the greater part of the 
body (all but the anterior segments) the feet bear three uujointed 
hooks only. 
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The sketch of the anal segments (text-ftg. 50) shows a local 
lengthening of the feet and shortening of the segments, with four 
small anal cirri. In other specimens this prominence of the last 
feet and their setae is less marked. In the rest of the body the 
slight projection of the setae is characteristic. 

A specimen dredged in 4i fathoms in Suez Bay is remarkable 
for the long and very slender capillaries of the region about the 
1 5th to 30th feet, which are ho long as to be conspicuous when 
the worm is examined under a lens. These are shown in text- 

Text-figure 50. 



Aiial!fsegments. X 20. 


figs. 51 (k 52 of the 1 5th and 28th feet; the latter is apparently 
close to the point at which the capillaries disappear altogether, 
but no more of the hind body was obtained. The other capil- 
laries, as shown in text-fig. 47 of the 9th foot, are normal in shape ; 
but whereas in other specimens the distinction between shaft and 


Text-figure 51. 



Specimen vvitU proiuiiiciit capillaries. 15th foot. X HO. 


wing is obscure it is here clear, and there is some strintion. Tlic 
crochets are somewhat narrower. 

In other respects, e, g, pro- and peristomia and jaws, the 
specimen was normal (text-fig. 43 of the anterior end is from 
this specimen), and there is no doubt of its being of this 
species, 

A similar extension of the capillaries in the c(nresj)onding 
region of the body was noted in certain specimens of A. kUreiUi 
from the Oape Verde Islands. It may be connected with the 
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quieter habitat below tide-level, but, as shown by the difterences 
in the other setae, it is cleaxdy constitutional, not merely a 
mechanical result of easier conditions. 

Work done since Grube’s time shows that there is nothing 
remarkable in the extension oE a species from the Philippines to 
the Red Sea, but its absence from the Maldivan and East African 
collections is perhaps notable. 

Text-figure 52. 



Same specimen, 28th foot, X 90. Crochet, X 180. 

The parallelism between this species and L, albifrons of the 
Atlantic is but one case of a series which might be made out, and 
is obviously connected with similarity of habitat. 

This species somewhat resembles X. cinyvlata Treadwell * (the 
name cingtdata is preoccupie<l by a species described by Ehlers in 
the Magelhaenische Sammelreise), but dififers in the apparently 
flatter body, elongation of the prostomium, and shortness of the 


♦ * West Iiidiaii Leodicida^’ 
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jaw supports. One regrets that Treadweirs beautiful figures of 
the living animals are not accompanied by outlines of the same 
parts after preservation, as most systematists have to l)e content 
with spirit specimens. For instance, in this case it is possible 
that a spirit specimen might closely resemble dehilis in the propor- 
tions of pro- and peristomium, and the curious and distinctive 
tubercles upon them may be no longer visible. 

It is also possibly identical with the species X. cavifrons Gr. 
lS66^capen8i8=:^dubeniy but, owing to the brevity of descriptions 
given and the omission of mention of the striking form of 
the body, certainty is not possible. Fauvel mentions that his 
Z. cavifrons from Mozambique and Madagascar is very near to 
L, impaiiens, from which iny species is quite distinct. 

Lumbriconereis mando sp. n. 

The species is distinguished by the extraordinary length arid 
slenderness of the shafts of the mandible. 

The maxillary jaw-plates are also distinctive. 

Prostomium broad and flat, approximately an equilateral 
triangle. 

Segments short ; feet small, becoming smaller posteriorly. 


Text-figure 53. 



L, mandot sp. ii.- Above, head and anterior sepfiiients ; below, segments 
about 40tb 'with reduced feet. X 10. 

No compound setae ; capillaries and hooded crochets of usual 
type. 

One specimen was dredged in fathoms in Suez Bay, bottom 
sandy mud. It is incomplete, and now softened, only the head 
and 50 segments being present. The body is wund, very little 

* Mando, Latinnglutton, in reference to the special development of the jaws, 
especially mandibles. 
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flattened ventrally, and of uniform tliicknefis from the peristo- 
mium to the end of the fragment, 1*7 mm. thick and 25 mm. 
long. The segments thus average a little under half a mm. in 
length ; i. e. varying between one-third and a quarter of their 
breadth. Prostomium the shape of an equilateral triangle and, 
as shown in text<fig. 53, of fair size in proportion to the body 
dimensions. No sense organs are visible. The peristomium 
lias the usual structure. 

Text-fig. 54 shows the peculiarities of the jaw apparatus, the 
most striking of which is the extreme length and slenderness of 
the lower jaw, these characters being more marked than in 
L, hifilaris Ehlers*, which is the nearest approach in species 
hitherto described, though quite different otherwise. 

Text-figure 54. 




and lower jaws. X 30. 


Tlie cutting-edges are smooth and very oblique, meeting in a 
deep V. The whole is nearly colourless save for the light brown 
lines indicated. 

The maxilhe are dark brown, not black, in spite of their large 
size, and are peculiar in that tho dental plates extend only about 
half-way down the forceps. The articulation of the bases of the 
forceps to each other and to the supports and the two spurs 
pointing laterally are distinctive. Other details may be obtained 
from the figure. 

* Ehlm, M^. u. Cliil. Stramles, Taf. xviii. fij?. 9 a. Chamberlin (/. c.) identifies 
with this species a,.numher of Npeciinens from Mexico and Chile of which the 
mandibles are conspicuously short for tho bn^adth of the cud plates. As ho gives 
no intermediates connecting this form with that of the typs, it is scarcely possible 
to regard the identification as certain. 



TBOPlOAXi AFEIOA AND THS MALDIVB AKCHIPELAGO. 


43 


The feet are small, end are best developed in the first few 
segments, becoming decidedly smaller posteriorly, the reverse of 
the usual rule, and the posterior lip of the seta-sac projects very 
little in these hinder feet. 

Setm all simple in anterior feet. 

The 1 0th foot is figured (text-fig. 55), and shows 9 capillaries 
of which the dorsal bundle of four are large and project well, the 

Text-figure 55. 



ventral being smaller. Slight variations in shape and structure 
are to be noted. The striation is finer than represented, but it 
evidently goes deep, as there is a marked tendency for the seta? 
to break along the striae, as indicated in the dorsjil example - 
Wings are narrow or not present. All have slender tips 
often tenuous. This foot contains five curved and more 
or less slenderly pointed aciculas ; the 20th has seven capillaries 
and four aciculm ; the 30th two each of capillaries, aciculac, and 
hooded crochets, also a bundle of five slender colourless and very 
flexible aciculse apparently belonging to a (now invisible) dorsal 
cirrus. These are bent back upon themselves without breaking 
as in some other species. In foot 60 and thereabouts there 
are no capillaries, four (or three) crochets, and the usual five 
slender bent cirrus aciculm. 

Tlie crochets are all alike, and as shown in text-fig. 5(5. The 
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upper teeth are distinctly swollen distally. The colour of all 
setas is yellowish, the crochets being the darkest, ratlier dark 
straw-colour. 

Text-figure 56. 



Lumbriconerbis brevicirra Schm. 

Sho7't description. 

Body of usual proportions, not much narrowed to head. 

Feet in forebody small, over posterior three-quarters fairly 
long. 

Prostomium bluntly conical, sometimes triangular. 

Jaws of normal pattern, mandibles with deep brown crescentic 
lines in anterior cutting-plates, rest white. 

Setfc consist of crochets and capillaries only. The former are 
found in the first feet as well as the rest of the body. All are 
fairly broad-ended anteriorly with a wing extending down the 
shaft ; posteriorly the heads and wings are short. 

Capillaries die out about the 35th foot. 

In spite of my specimens being all from the Atlantic — abundant 
in the Cape Yerde Islands and absent fi’om the Indian Ocean and 
Red Sea> — I am inclined to identify them with L, hrericirra Schm. 
recorded from South Australia New Zealand t, and Fiji J. 
One of the principal differences is in the mandibles, which in 
Ehlers’ figure are of remarkable breadth, diverging instead of 
tapering posteriorly. Augener and Treadwell, however, agree 
that Ehlers probably had in hand an abnormal specimen. It is 
curious that a parallel, but further exaggerated, difference exists 
between the descriptions of the nearty related L, impatiena 
by Be St. Joseph and McIntosh, which inclines one to think 


* Bchoiftidfi and Augeiier. 


t Ehlers. 


t Troadvrell. 
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that there is more than chance abnormalities underlying the 
phenomena. 

The standard description of L, hremcirra Bchm. is given by 


Text-figure 57. 



X, hrericirra . — Dorsal and ventral views of two spociinens from Sal showing 
variations in pro- and peristomia, etc. X 10. 


Ehlers in his “ Neuseelandische Anneliden,’^ ♦ who, however, 
besides the rather doubtful figure of the mandibles, does not 
figure the characteristic anterior crochets, and leaves it doubtful 
whether the narrow crochets found in L, impatmis also occur 


Text-figure 58. 



Jaw apparatus of aeverai specimens. All X 30. 


here. The crochet he figures is seen from the e(lge and sliows 
neither its pinportions nor details of hooks, etc. TJie micrometer 
measurements of the crochets’ heads, given in his text, agree 


^ Abh. K. Ges. Gt>ttingen, iii. 1904. 




TBOPIOAL AFRICA AND THE MALDIVE ARCHIPELAGO. 


47 


fairly with the specimens from the Cape Verde Islands. Under 
these circumstances the only plan is to describe these specimens 
fully and leave subsequent work to decide whether they are really 
L. brevicirra — or possibly L, impatiens, and if the former, confirm 
the unexpected distribution of the species thus indicated. 

Schmarda's and Ehlers's specimens were all found in sand, on 
which Ehlers remarks : “ This agreement in the nature of the 
habitat in both localities shows, perhaps, a peculiarity in the life- 
conditions of the species.” Treadwell found his in sand in a reef 
pool (presumably a clean coarse sand) and also in mud. Tn the 
Cape Verde Islands it occurred in muddy sand in St. Vincent 
Harbour and Porto Praya and in clean white sand in the Island 
of Bal. In the former cases other species (coccinea, latreilli, and 
alhifrona) were found at the same time, whereas at Sal all the 
Lumbrio,onereidaj found were of this species alone. 

The prostomium (text-fig. 57, four sketches) is conical, but 

Text-figure 62. 



One of the hind feet. X 76. 


shorter than in L, laireiUi There is considerable variation as 
shown in the sketches given, which do not include the extremes. 
One specimen had a prostomium as long as that of L, latreiUi, and 
in another, which had contracted badly in killing so that the 
anterior segments were extremely narrow and the jaws pmctically 
protruded, the prostomium is a fiattened sharply pointed equi- 
lateral triangle. It is sometimes almost globular, except for being 
pointed in front. I have not seen the nuchal organs sketched by 
Ehlers. A characteristic of L. brevioirra is the faintness of the 
dividing line between the two rings of the peristomium, a feature 
found in the majority of my specimens. Generally the anterior 
ring can be made out to be twice as long as the posterior. 

Treadwell finds more plications of the oral process of the 
second ring than the very simple arrangement shown by Ehlers, 
as I do in certain specimens. The body-form resembles that of 
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L. latreilli anti other species, but the most anterior segments are 
little narrower than the maximum breadth. The segments are of 
the usual proportions, becoming longer posteriorly in the usual 
way. The feet, however, are very small in anterior segments 
and all through the first quarter, but become prominent in the 
rest of the body, i. e., the posterior three-quarters. They are all 
of the usual structure with horizontally projecting lip process. 

The characteristic features of the jaw apparatus aie : — 

(1) The long narrow posterior roots of the supports of the 

upper jaw% which are always found, though there are 
large variations in shape of supports. 

(2) The shortness and curvature of the pincers. 

(3) Prominence of the ridge at the head of the big dentals. 

(4) The dense black narrow concentric lines of the mandibular 

end plates and the colourles.s but wrinkled posterior I'oots. 


Text-figure 63. 



X. hrevicirra . — Crocliet set* from 6th, 10th, 12th (one example), and 
27th feet. X 336. 

Capillary of the dorsal bundle of 10th foot. X 170. 


These features are shown in text-fig. 58, in which the extreme 
forms of the supports are given. The upper toothed plates are 
drawn from another specimen in wliich they had been brought 
into view by pressure. 

The three figures of the mandible show the varying development 
of the dark crescentic lines, etc. The beginnings of this feature 
are visible in the very small specimen in the middle (all figures 
are to same scale). In some specimens these lines are princi- 
pally developed in a rather narrow band along the circumference 
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of the semicircle* The wrinkling of the calcareous roots 
naturally varies with age ; in the figure to the right there is 
some approach, in this feature and in the expansion laterally oi: 
the posterior roots, to the figure given by E biers. 

The setie are fully described by the series of outlines given 
(text-figs. 59 to 64), The capillaries are slightly yellowish, the 
broad-ended crochets and aciculae which accompany them colour- 
less, In posterior feet the crochets become quite yellow and the 
single acicula is tinged light brown. 

It will be noted that the crochets of anterior feet are 
not much narrower than those of the posterior part of the 


Text-figure 64. 




Crochets of hinder feet. X 400. 

fore-body (text-fig* 63), thus distinguishing the species from 
i. impatiana. Nor do 1 find the intermediates between capillaries 
and crochets which form so interesting a feature of the latter 
species * and Z. hihemica. Of the figures given no. 64 a, which 
shows a crochet from a hinderfoot, agrees fairly well with Eiders' 
figure of one from the 136th foot. The upper teeth have now 
become so extraordinarily fine as to be hardly visible until a 
■j^-inch objective is used, whereas in anterior feet, in spite of varia- 
tions, they are generally distinct. Under'a ^objective some of 

• Seo McIntosh, Brit. Ann, pi. Ixxxii, 4-4 d. 

Proc. Zool. Soc.— 1924, No. IT, 
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my specimens show the peculiar arrangement given by Fauvers 
figures for Z. ivnpatiens from Obock, French Somaliland, but the 
inch objective resolved them into the more normal form 
'figured. 

The capillary setse are shown in text-fig. 63 and in figures of 
the feet. They are rather straight and short and offer no 
peculiarities. In the 6th foot it will be noted that only two 
of these setae have appreciable wings and striations. The <lorsal 
capillary from the 10th foot in text-fig. 63 is drawn to only half 
the scale of the crochets. 

Lumbriconbreis albiprons, n. nom. 

L. cavifrotis McIntosh, Marine Investigations of the Cape of 
Good Hope, 1903, p. 50. 

A small species with short body of nearly full diameter to 
anterior end and somewhat long segments posteriorly. 

Prostomium nearly globular, generally sinootli above and 
below. 

Jaw apparatus remarkable in that max. II is more or less 
crescentic and bears three or four teeth instead of the two or one 
usually cariied, max. HI having two each. Mandibles delicate 
and colourless when not rudimentary or absent. 

Compound setae and urijointed hooks in anterior feet. The 
former iiave very short heads more or less imperfectly separated 
from their shafts. 

Most specimens are small, the majority being about Jjalf a 
millimetre wide, but a few larger up to 1*3 mm. in width without 
the feet occur. 

A series of specimens observed in life were easily picke<l out 
among other small polychaeta, including small specijiiens of 
Z. latreilli collected at the same time, by their conspicuous white 
prostomia. Tlie^e were in life longer than broad ; in one speci- 
men it was noted that the prostomium was rather broader than 
the body, bluntly rounded in front. The body was coloured a 
light yellow-brown with a thin chocolate line across each segment ; 
in anterior segments another very thin line before and behind 
this. The peristomium has three lines, all darker than those on 
the body. The segrneijts appeared tljickened where the very 
small parapodia were attached. 

The form of the body recalls Z. debilia in that the segments 
are longer in the hind-body, but while in both the proportion 
of breadth to length in anterior segments is from 4 to 6, 
it is only 3 posteriorly in this species against 2 in the pre- 
ceding There is a slight flattening ventrally through all the 
fore-body, not for a few segments only, but it is quite round 
behind. It tapers gradually to the tail, but while in one 
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specimen this tapered portion is a third of the body>leiigth, in 
another it is scarcely a tenth. Development of sexual products 
might acoutit for this difference. Anteriorly the body is very 
slightly narrowed. There are four tiny anal cirri, with swollen 
bases as usual. 

The prostomium, as shown in text-figs. 65 and 66, is practically 
globular, and generally without grooves on either surface. The 
exposure of the “ mundpolster ” and furrowing of the lower 
margin of the mouth vary, so that the appearance of a ventral 
view of the head is not constant. The division of the peristo- 


Text-figure 65. 



X. alhifrons . — Dorsal and two vent’'al views of anterior ends. 
Fi^. 66 X 30. Fig. 00 X 40. 


mium into two rings can hardly be made out, but at times a 
light mark appears laterally indicH.ting an anteiior ring some- 
what broader than the next. Succoring setigeroiis segments 
are all alike as shown in the figures, until they lengthen 
j>osteriorly. 

The upt>er jaws (text-fig. 67) are sufficiently described by the 
sketch, attention being drawn to the crescentic maxillro II 
bearing four teeth. It is unfortunate from the systematist’s point 
of view that this, the most striking peculiarity of the species, 
unique in the genus, should be one which is often difficult to 
make out. It is of interest morphologically as a connecting link 
with other Eunicidie. 


4 * 
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The numbers of teeth vary in the usual way, as shown by the 
foimulte : 

2—2. 2—2. 2—? 

4 --. 3 . 3 _? 4 . 3 . 

4>>5. 5—5. ?5— 6. 

The number of interrogation marks indicates the difficulty of 
examining this minute apparatus, but it is in all cases clear that 
more than two teeth occur on the second pair of plates and more 
than one on the third (i. e. anterior). 


Text-figure 67. Text-figure 68. 



X. alhifront . — Upper and lower jaws of different specimens. X fO. 

The points a b correspond to those marked in fig^. 69. 

Text-fig. 69 illustrates the positions of the plates when 
protrusion is beginning. The bending of the black accessories 
to the first plates and pincers is remarkable, the points a and b 
indicating the positions of the same parts at rest and under 
extension. The connections between the various plates, as shown 
when under action as here, are complicated, and the method 
of extension would be an interesting subject for investigation. 
In this figure plates II and III are both in one plane vertical 
to the paper, so that the teeth they bear cannot be clearly 
shown. 
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The mandibles were not found by McIntosh in the specimens 
he dissected, but out of seven or eight of mine, I found it in three 
(text-fig. 68). It is of great delicacy and quite colourless, in one 
case a mere ghost of a mandible as it were. It may be fairly 
concluded that in many it is in fact absent. 

The feet (text -figs. 70 & 71) are small and of the usual 
pattern, i.e., a rounded anterior lobe, the posterior lobe having a 
finger-shaped process wliicli projects horizontally. In the hind- 
body the feet are smaller, but of the same pattern. The setae 
(text* fig. 72) are of the three kinds described by McIntosh, but 
the heads of the compound setfe are generally even shorter in my 
specimens. Tlie broad uncinate set® become more slender in 
their head ends, i. e,, of more normal pattern, in the hind-body. 


Text-figure 69. 



Upper plates in course of protrusion, showing bending of accessory liauds. 
a, b correspond to points so marked in fig. 07. X 130. 


There are two distinctive features of these hooked set® : — 

(1) Compound and simple hooks may both occur in the fore- 
body. 

(2) The jointing of the compound set® is incomplete. 

Text-fig. 72 shows stages in the formation of a compound from 

a simple crochet. In the most advanced stage the hood remains 
entire, not even notched, between the head and the shaft. While 
the lower port of the joint is perfect the upper may be distinct as 
regards the shaft, but indefinite in the end piece. In other cases 
the division between shaft and end piece is a mere crack which 
does not extend quite to either end of the division. These 
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short-headed seta? are not, however, an infantile feature in this 
species^ as they occur in the largest specimen of the considerable 
number obtained, which is of a size at which long-headed 
compounds would be abundantly developed in L, latreilli or 
L, coccinea. They do, however, like the crescentic max. 11, 
indicate that the species itself is in some ways primitive. As 
shown in figures of feet these setm occur in small numbers, one 
or two to a foot. 

The capillary setae have broad heads, but show the usual 
variations in tliis respect. 

In the Marine Annelids of the Cape of Good Hope” McIntosh 
gives L. cavifrons and L, gracilis as synonyms. Fauvcl (^. c.) 

Text-figure 70. 



Text-figure 71. 


\ 



remarks that the species from the Cape is not cavifrons Gruhe 
as it has compound setre. It has been suggested above that 
L, gracilis may be the young form of L* latreilli^ from which this 
species is readily distinguished by (1) body-form and small feet; 
(2) globular prostomium ; (3) possession of short-headed setae and 
un jointed hooks in anterior feet in specimens 1'5 mm. in diameter, 
a size at which in either L, latreilli or Z. coccinea Jong- headed 
compounds would be conspicuous; (4) the anterior jaw-plates 
with 4 and 2 teeth respectively. 

This species shows sti^ong resemblances to L, sphcerocephala 
Schm. as redescribed by Ehlers The prostomium is, however. 


* ** Neaseelaadische Anneliden,” Abh. Kon. Ges. Gottingen, 1904, 
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longer in the latter and though the form of the body is very 
similar anteriorly the segments become shorter, more strongly 
marked, and their feet apparently more prominent posteriorly. 
A great point of similarity is the short-headed compound setce in 
which the wing is continuous from head to shaft, but the capil- 
laries and crochets differ in dettril — resembling rather those of 
A deAnlia, The upper jaw apparatus has similar long pointed 
supports, but the broad angles of the pincers connecting with 
the long accessory plates at their sides are wanting, and above^all 


Text-figure 72. 



L. alhifirona. — Set®. On left, oompomitlfi from feet 10 and 11 with more or lesn 
separation between heads and shafts ; middle, pair of crochets from 4th toot ; 
on right, from 20th foot. All X 336. 

L* aphrrocephala has the usual upper plates with 2 and 1 teeth 
on each side. 

As would l>e expected from the body-form, the species was 
found inhabiting crevices in Lithothamnia, etc., (1) dredged from 
3 fathoms in St. Vincent Harbour, (2) a few on shore in the 
same bay, and (3) at Porto Praya, Santiago, and half-a-dozen 
from washings” nos. 7 and 12. It was not found in the Red 
Sea or Indian Ocean, where L. debilis seems to be a parallel form. 

The Genera Drxlonereis and Arabella. 

In 1904 the genera in which the maxillary suppoi-ts are long 
thread-like processes were in such confusion that one despaired 
of making order without the re-exainination of a number of old 
collections. I now follow Tread wellt, who, having a number of 
species of both genera in hand, simply divides the Lumbri- 
coDereidae into four main genera, Lumbriconereia, Drilonereia^ 
Arabella, and (Enone {Aglaurides), the second and third genera 

♦ Tread weiri speettnens from Fiji and Samoa also had shorter prostomia. 
t * West Indian Leodicidm,’ 1921, p. 94. 



56 


DR. C. CROSSLAND ON THE POLYCHiBTA OF 


including ArOfCoda^ Laranda^ Madovia, etc., the species of which 
fall into sometimes one, sometimes the other, of the two genera 
retained. 

Chamberlin*, in 1919; revived the old genera and added several 
new ones, of which Cenothrix is an Arabella distinguished only 
by the possession of guards on the acicular setajf, and Cenogenm^ 
an aberrant type with toothless maxillary plates and degenerate 
supports, while in Bihorin the inaxillse are absent altogether. 
Tliese and other distinct genera, such as Notowrus and Ninoe^ are 
not represented in these collections. 

The two genera are readily distinguished by il^eir jaw 
apparatus, no species not readily falling into one or the otlier 
liaving yet been discovered. Briefly, Drilonereis has large 
forceps and small toothed plates, of which only the ])roximnl is 
of any size, the distal often mere hooks, while in Arabella the 
proximal plates are not forcep.s and not very greatly larger than 
the series anterior to them, which gradually decrease in size, only 
the anterior of all being simple hooks. However, the s])ecies may 
be arranged in a regular series, from the extreme DrilonereAs 
type in which the large forceps are toothless at the base, the other 
plates of insignificant size and all the anterior ones simple hooks, 
to species which approach Arahellam having toothed bases to the 
forceps, the other }dates of consi<lerable size, and even the fourth 
pair have two or three teeth. There may even he a fifth pair 
of hooks; Treadwell found an extra hook in one specimen of 
j9. hrmiiiea, and in D. (A^^acoda) dehilis Ehl. the extra pair seems 
to be normal. 

The mandibles are usually absent in Drllonereis^ well developed 
in Arabella, but they are occasionally present, in a distinct though 
rudimentary form, as an individual variation in most species of 
DrilonereisX, 

In the same way the apparatus in Arabella is, in its main lines, 
hardly distinguisljable from that of symmetrical specimens of 
(Enone,\\r\^ the first maxillae in Arabella have been found to make 
a beginning of the asymmetry characteristic of that genus. 

Lysarete is a remarkable intermediate form connecting these 
genera., through (Enone, with Lumbriconereis and the other 
Eunicidte. Practically Lysarete is an (Ei^one in which the jaws, 

* Mem. Mur. Comp. Zool. Harvard, tiviii. 1919, p. 326. 

f The niultipHcation of genera on such amall points is to he deprecated ns in no 
way tending to order or to facilitate future work. Compare the same author's new 
genus AphelothHx for the reception of the well-known Maiyhysa moBsamhira 
und his new name Bterothrix** for Notocirrtis scoticm McL, iriven on purely 
literary and circumstantial evidence, to the unnecessary confusion of the literature. 

It has hoen discussed ivhcther the more or less triangular third support of the 
jaw apparatus in Brilonereis represents rudimentary mandibles. As in those 
Bpecitxiens of JO. major in which the nidiments of mandibles existed also showed the 
third support, as was the case in some of Fauyers specimens, it is clear that there is 
no connection between the two stnictures. When present the mandibular rudiments 
ai^ situated far anterior to the junction of the supports, and como in front of the 
other jaw-plates. Comppe also the genus Arahella, in which the lower jaws are 
well developed in all species, while yet the third support is present and sometimes 
almost as well developed as the usual paired ones. 
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by shortening of the supports and modification of the first plates 
into pincers resembling the antlers of a stag, approach the 
highly specialised arrangement common to the genera Eunice^ 
LiimhriconereiSj Onuphis^ etc. 


Genus Driloneueis. 

Species of this gen\is are not found in many collections. Even 
the * Challenger* liasonly one (/>. lonc/a)^ while Treadwell, by con - 
(^entrating upon the Eunicida} alone, obtained no fewer than eight 
.species (six from the West Indies and two from Fiji and Samoa), 
of which seven were new. Moore has 7>. nuda from California*, 
Ehlers D. dehilis from Florida and 7>. avnulata from East 
Africa. 

We thus have thirteen species, of which only three are from the 
Old World, and of these three Fauvel believes two, D. longa and 
1). Jilmiiy and perhaps 1), aunvlata, to be synonymous ; while 
Treadwell, after examination of American specimens, doubts the 
i<lentity of McIntosh’s Z). longa f with the spefies, also Amencan, 
described by Webster. *rhe present collections add two new 
species to the Old World fauna. 

It seems remarkable that while species of Drilonereis were 
collected at Suez, Suakin, and Zanzibar, tlio only species, 
77. Jihuiiy which Fauvel records from similar habitats in this 
region, was not found. 

Tlie examination of these small jaw-jdatos needs great care. 
Even in such large specimens as my 77. major certainty wos 
frequently not possible without dissection and sepaiation of the 
upper plates from the forceps The least obli<juity of the plates 
means the disappearance from view of one or more teeth and the 
alteration of the apparent shape of the plate itself. The speci- 
mens >vere therefore examined: (1) in situ, (2) after removal, 
(3) mounted and dissected. 

The method by which the pincers are connected to the supports 
seems to be a feature of possibly systematic importance. It has 
the advantage of being easily observed as a rule, 

Drilonereis major, sp, n. 

Body, in spirit, up to 3*5 mm. wide and 43 cm. long. One 
specimen when alive was 3 mm. wide by f>5cin. long (2(1 inches 
X ^ inch). This is an enormous size for the genus. 

jProstomium flat and hollowed ventrally as usual in the genus. 
Almost semicircular in outline, peculiai4y ridged on dorsal surface. 
No sense organs of any kind. 

Ftristomium in two nearly equal segments, forming ventrally a 

* The same author descnl)e8 a Ztaranda rohwtta from Japan which appears to be 
a Brilonereii, but as the jaws are not even mentioned and is figured but 

two eetm, the reference is best ignored, 
t Yar. elieahetha in * British Annelids.* 
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straight iinwrinkled margin to the large mouth. It may or may 
not be continuous with the prostomiuni dorsally. 

Parapodia invisible anteriorly, appear outside body as very 
small pi ojections about segment 15 ; they gradually become more 
prominent, and in the posterior region each equals one-third the 
breadth of the body, the long posterior lobe of the seta-sac being 
included in the length of the foot. 

Setce all simple as usual in the genus, but divisible into six 
kinds. The long capillaries are slender, but slightly bent and 
not distinctly bordered. 

Jaiv8 of normal type. No teeth on bases of pincej s. Accessory 
plate of supports triangular, genenilly about equilateral. Rudi- 
ments of mandibles usually absent, sometimes conspicuous. 
Formula of teeth about 

l-bl-l. 

5—6. 

0 — 0 . 

The collection contnins four specimens collected by digging in 
sand among a small species of “seagrass’’ {Zostera or Cymodocea) 
at low tide at Suez oti the mud-flats, and a flne series of ten 
specimens collected by J. Gordon Logan, Esq., in front of the 
Hotel Sinai, from a tidal basin which is now filled in. The two 
localities are two or three miles apart. Also one small specimen 
from Zanzibar. 

Through Mr. Logan’s kindness 1 thus have the material for an 
examination of the variability of the jaw' apparatus, which, after 
the discovery of the striking peculiarities in (Enone and Fauvei’s 
statements of the great range in i>. promised to be 

interesting. 

But for trifling differences in the numbers of the teeth I find 
remarkably little variation, and am therefore inclined to doubt 
Fauvel’s statement that 1), filum Clp. and D, longa Webster 
(and McIntosh) are synonymous. The rudiments of the lower 
(mandibular) plates are sometimes conspicuous but generally 
quite absent, which seems to be the case in several species. 
Their presence or absence cannot be reckoned among specific 
characters. , 

The body is, as usual in the genus, of nearly uniform thickness. 
It is stoutest for the next three or four inches or so after the 
15th segment, after which it becomes slightly more slender and 
flatter, tapering very gradually towards the tail ; at the tail end 
itself it tapers rapidly, unless, as is frequently the case, it is 
undergoing regeneration. Before the 15th segment, i.e, in the 
region containing the jaw apparatus, the body narrows to about 
two- thirds its maximum thickness, and is flattened ventrally, 
strongly arched dorsally, but this narrowing ceases six to ten 
segments before the head, these first segments being all of the 
same width. 
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The colour of the living animal uniformly reddish yellow in 
smaller specimens, chestnut-brown in larger. In fresh water 
and alcohol (added for narcotisation before killing) a bluish 
solution, like the ink of Aplygia^ appeal’s, as in the case of (Enone 
ftdgida and mistralia^ and otliers of I his family. 

The feet do not project at all for the first (> to 16 segments, 
appearing as mere dimples on the surface (text-figs. 73 a<fc c), 
after which for about 20 segments more the finger-like posterior 
lobe alone projects. Then the foot itself appears, but is very 
short and stumpy for some distance, but gradually elongating 
until, in the posterior two-thirds of the body, it is conspicuously 
long. The postero- ventral lobe is now as long as the foot itself, 
and both together equal a third of the breadth of the body. In 
the sliort, thick anterior feet this lobe may be half as long again 
as the foot itself, i, e, its development precedes the full length 
(or protrusion) of the foot. 

The body- wall anteriorly is remarkably tough. 


Text-figure 73. 



c 


Drilonereis major^ sp. ii. 
a & bf dorsal, <?, lateral views of anterior end. X 
In a, pro- and perifitomia distinct, in b, dovetailed. 

In a, radical lines faint, in b, diatinot. 

In a & Cf parapodial dimple with seta: broken off short. 

The prostomium (text-figs. 73 a-c) is, as usual in the genus 
flattened and hollowed underneath. In this species it is nearly 
semicircular in all cases, so that the ventral view resembles a 
horse’s hoof without the frog.'’ Dorsally is a central depression 
and radial ridges peripherally. The latter in some examples are 
indistinct and might be overlooked if not already seen in other 
specimens. 

The peristomiura consists of two equal segments remarkable for 
their simplicity and absence of either folding or notching in con- 
nection with either sense organs or the mouth. They are almost 
perfectly cylindrical. 
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As a rule, the separation of pro- and peristomia is distinct, but 
specimens occur in which they are continuous dorsally or in which 
the prostomium seems to be dovetailed into the peristomium. 
In one case where pro- and peristomium were continuous, even 
to the extent of the continuation of the median depression of the 
former as a faint line upon the latter, there was still a distinction 
between the light colour of the pro- and the darker tint of the 
peristomium. 

Ate these variations are apt to bo reckoned as of specific 
importance, I figure examples in order that their character and 
extent may be appreciated (text-figs. 73 a & b). 

Text-figure 74. 



D, major . — Jaw apparatus, dissected. 

a. Max. Ill seen at an anj^lc causing large apparent change of sliape. X 23 . 

The jaw apparatus (text-fig. 74) is quite typical of those species 
in which the broad bases of the pincers have no teeth. They 
have a single knob on one side, as in D. mida Moore, which 
resembles this species generally in the structure of its jaws, but 
is otherwise distinct. The following table gives the variations 
found in the ten specimens specially examined. As in my 
di^ription of (Bnone^ the first figure in a line means one (or two) 
teeth enlarged to hooks, the second the number of teeth of 
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Text-figure 75. 



D. major . — An anterior foot (65th). Ventral set® broken off short, 
the stumps overlying the broad acicular seta. X 23. 

Text-figure 76. 


A posterior foot showing dorsal tubercle and its set®, acicnlse and 
acicular seta (dotted) and capillaries. X 33, 



Text-figure 77, 



Another posterior foot illustrating differences in the shapes and details 
of setic. To larger scale, i. e. X 75. 
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approximately equal size- and easily counted, the third small 
Uenticulations, while the ? mark means that though denticulations 
exist they are too small and indistinct for certainty. 


Specimens collected by C. in open hay : — 




■“ 

— — 



Spec, I 

2 

3 

IV. 

1 

1+1 j p* 

1 

1 + Plj 1+1 

1 + 1 

1 

III. 

1 

1 + 3 1 ?* 

1+3 1 1+4 

1 + 8 

1+4 

JI. 

4 ! 2+4 

6 2 + 4 

3 

2 + 5 

I. 

Tbt‘ force])** ebovv no definite variations, 
but shape M\rie« with dep'ceoi gepamtion. 


* Not clearly s»oen. 


I Collected by J. G. Loj^un in tidal basin J — 



Spec. 4 1 6 

1 

i ® 

7 1 8 j 9 

10 

IV. 

1+1 

1+11+1 

1 1 j 1 

1 |l+lj 1 1 + 1 l + lj 1+2 

1+1 1+3 

I 

rii. 

1 

1 + 411 + 21+ : 

, i . ' ' 1 

l + 4|l+ "^,1+ FT + 1 + ? l-i-41 + 2 + ?|l + ll+41+3 + 2 

■| 

l+3+?]l + 4 

II. 

2 + 3 

5+15+2 

A + 2j 6 2 + 0 

! i 

i 'll 

G iSPO 4 + 1 j 6 1 6 j 0 

0 jo + 2 

3. 


The forcepg show no definite variations, but apparent shape varies with 
degree of sejiaration. 


Numl)er 9 is about half the diameter of the others, which 
are of approximately the full size. 10 is a little larger than 9. 

In specimen 4 I found the following formula before dissection 
of the plates: — 1 — 1 : 1 ~ 1 : 4— 4.. After dissection it was 
clearly 1 + 1 — 1 + 1 : 1 + 4 — 1 + 2 ; 2 + 3 — 5 + 1 as entered on table 
above. 

In specimens 1.5.6.7.8.10, maxilla III, while retaining 
its usual size and shape, is without all or most of its smaller 
teeth. The character of its material, the sharpness of the 
remaining fang (and denticles in 6 & 8 & 10) and the rounded 
appearance of the toothless edge indicate that they were probably 
never developed in these individuals. 
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The proportions of the feet have already been alluded to. 
There are no setae projecting fi^om the dimples which represent 
them in the first 6 to 20 segments, all apparently having 
been broken off short, The feet of the middle region are shoit 
and truncated distally, with short and thick posterior lip of seta- 
sac, while those of the posterior region are conspicuously long 
and often, but not always, crowded together through tlie shortness 
of the seijments in this region. The linger-like lobes they carry 
are conspicuous (see text-fig. 75 -77). The dorsal tubercle (text- 
fig. 70) is retractile and often not to be made out, and its fine 
setoc are often confused with muscle- fibres. 

The setsB fall into five groups : — 

1. Long capillaries. These, when not broken away, project 

well beyond the seta-sac lip, as shown in text-figs. 75-77. 
They are slender, slightly bent, and but little broadened 
and end in an exti*emely delicate flexible thread. There 
are no teeth or distinct wings or other markings, but a 
few are bro\rn in colour with a granular surface. 

2. Short capillaries, of extreme delicacy, projecting only so far 

that their ends lie among the shafts of the long capillaries. 
VVliether these are really a distinct form, or, as Fnuvel 
suggests, are newly made and partially extiuded long 
capillaries I am not able to determine. 

3. AcioulpB. These are light-coloured like the capillaries and, 

as shown in the figures, form a close bundle of five or six 
setfe distinguishable from the shafts of the capillaries 
tluough their lying at a different angle. Borne of these 
are siin}>ly and rather bluntly pointed, others drawn out to 
a fine point, and in others again these are bent, as shown 
in situ in text-fig. 76. 

4. Fine hair-like aciculaB of the dorsal tubercle. 

5. Acicular seta*, one* to each foot ventrally. These are charac- 

tei’ised hy being swollen and brown coloure<l distally. 
Many have a peculiar transparent cap distally, with an 
appearance of being hollowed out beneath it, but this can- 
not be made out in all, even in adjacent feet. Two forms 
of this seta, from the 110th and 112th feet, are shown in 
text-fig. 78. 

The a.nus is slightly dorsal, being at the end of a small tubercle 
which breaks through the last minute segments. In some 
specimens there appears to be a large anal funnel, but tliis, on 
examination, turns out to be a series of young regen eiating 
segments. 

There are no appendages. One specimen seemed to liave 
about ten tubercles round the aperture, but conip<irison with 
other specimens showed that these were merely fortuitous 
wrinkles. 

This species is possibly identical with G rube’s Arabella 
planioeps from the Pliilippines, which is of similar size, has the 
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same semicirculai’ prostomium, inconspicuous anterior feet, and 
long flexible ends to the setae of the posterior part of the body. 
The setae of the anterior part are, however, described and figured 
by Grube as bent and broadly bordered ; sucli have not been 
found in these specimens, and the conspicuously long feet and 


Text-figure 78. 



D, major.— Two forms of acicular Posterior end showing long feet 
setsa from neighbourhood of and anal funnel. X 10. 

noth foot. X 70. 



long top of the seta-sac, which are so constant in D, major are 
not noted in A, planiceps. Grube’s description is much too brief 
for certain identification in any case, and his figures do not 
inspire confidence. The jaws are not figured at all. 


Drilonereis logani sp. n. 

The non-existence anteriorly and minute size of the feet pos- 
teriorly are striking. 

Body extremely long and slender, even for this genus. A speci- 
men 0-75 mm. in width would, if complete, probably attain to 
1000 segments and a length of 25 cm. 

Segments short anteriorly, length equal to or double the 
breadth posteriorly. 

Prostomium a pointed triangle, flat, with groove in mid-dorsal 
and ventral lines. Former extends on to peristomium, which is 
hardly distinguishable from prostomium dorsally. 

Pincers of jaws denticvXated at tips, bases with three long 
teeth. 

Set® generally absent. When found straight and simple in 

« After my friend J. Gordon Logan. Eiq., to whosp help I owe, emoiig other 6nds, 
the long seriea of D. major and the interesting variety of Arabella nooecrinita. 
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anterior feet, of very characteristic form in posterior* Strong 
acicular aetai in anterior feet. 

The following specimens were collected : — 

2 fragmentary, from Siiakin Harbour. 

1 head and 56 segments from Waain, Kenya Colony, 10 fathoms , 

The sizes are : — Snakin Harbour, 075 and 0 4 mm. wide. Wasin 
about 0*3 mm. The former is 13 cm. long with 412 segments, 
the second 9 cm. with 227 segments. 

The largest is more than four times the bulk of the smallest, 
and as the latter was collected separately and at a distance from 
the others, we may be assured that the peculiarities of the jaw 
apparatus and feet are not accidental but real specific characters. 

As several fragments are preserved equal in length to those 


Text-figure 80. 



1), Joffani . — Dorsal and ventral views of 
specimeii no. 1, from Suakin. 

Sj, Ss, Sa- First three setigeroiis segments, 
X l-i and X 18 respectively. 


Text-figure 80 a. 





Tlie minute Kenya Colony 
Mpccimeii seen as a ti'ans- 
parency. P.PA., the partly 
protruding pharynx. X 26 


bearing heads and perfectly uniform, showing no approach to a 
tail, we may conclude that a complete specimen (if one could ever 
be collecte<l) might attain to 800 to 1000 segments and a length 
of 25 cm. or more. 

The body is narrower in front, widens gradually to about the 
15th segment but rapidly from this point to the 22nd, where it 
reaches its maximum, which soon, however, falls to the general 
breadth. These widths are for the two larger specimens : — 

At peristomium 0’6 mm. and 0*4 mm. 

15th segment 075 mm 

Maximum VO mm. and 0*5 mm. 

General thereafter 0*75 mm and 0*4 mm. 

Pboc, Zool. Soc. — 1924, No. V. 5 
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Where elongated segments occur the breadth is reduced by 
about a tenth. 

As shown in text-figs, 80 and 80 a the anterior segments are 
comparatively short but they soon become much longer, as long 
as they are broad, and in the hind-body they occasionally elongate 
to double this length, and some are bi-annular. Examples are 
shown in text-tigs. 81 a & 6 which also show the maximum develop- 
ment of the feet, which for the first 15 segments do not show 
even the little papilla of the seta-sac lip. 

The prostomium is of the same shape and structure in all three 
specimens. Its shape and relations to the peristoinium are given 
by text-ligs. 80 & 80 a. Pro- and peristoinia are practically con- 
tinuous on the dorsfil side, faintly distinguishable by the very 
slight brownish tinge and iridescence of the skin, of the peri- 
stomium. The edge of this skin is found when favourably lighted. 


Text-figure 81. 



D. loffani. 

a. Segments about 270th in specimen 1. 
h. „ „ 140-180 in specimen 2. 

Both show max i mum development of the feet. Both X 18. 

The appearance as seen by ordinary examination is given by 
the sketch in text-fig. 80. The dorsal and ventral grooves are 
conspicuous. In side view the prostomium is seen to be flat 
and about half the depth of the peristomium in thickness, as 
is usual in this genus. In certain lights it appears to be deeply 
hollowed underneath, but more careful examination shows that it 
is fiat with only a central hollow. In specimen 2 this is a mere 
line. The border of the peristomium is straight. In this 
specimen the anterior third of tlie first ring is marked off by 
a vague line, H. 1. 2. 3. marking the first three setigero us segments 
in the figure. Above the anterior border of the peristomium is 
seen a small portion of the eversible pharynx. 

There are no appendages or other sense organs. 



TROPICAL AFRICA AND THB MALDIVE ARCHIPELAGO. 


67 


The jaws of the small East African specimen are shown in text- 
£g8. BO o & 83. They are black and brittle, and in the largest Red 
Bea specimen were found broken on opening the worm. This 
breakage showed clearly (1) the denticulations of the points of the 
pincers, a feature not seen in any other species ; (2) the shape of 
the main toothed plate, with its long anterior teeth in a plane 
vertical to that of the plate, so making a two-pronged fork (an 
arrangement frequently seen), but in neither of the Red 8ea 
specimens can I make out teeth on the anterior plates. In that 
from Wasin they are found to be two pairs of simple prongs. The 
articulation of the bases of the pincers is as in the Wasin specimen 
but more developed. Text-fig. 82 shows this structure as found in 


Text-figure 82. 



Text-figure 83. 



Pincers and supports. 
Suakin specimen no. 2. X 200. 


The complete apparatus in the Kenya 
Colony specimen. X 200. 


the Red Sea specimens. Ventrally the two pincers have a massive 
and asymmetrical articulation, to which the shield-sliaped third 
supimrt is joined b}’’ a slender thread. The junction of the long 
supports is shown by dotted lines, the articulation of the plates 
being dorsally much narrower and simpler. The denticulation 
of the ends of the pincers is visible in tliis specimen, mounted 
in the body, but details are drawn from tlie other specimen in 
which they were removed. The round accessory support is here 
shield-shaped, larger in proportion, but of the same type. 

The development of the feet is illustrated by text-figs. 80, 81, 
aixd 84-86, and has been referred to above. In all figures 
they are represented as seen from above. It is to be noted 
that text-fig. 86 showing the maximum development of the feet. 
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Text-figure 86. 



JD. l-ogani, 

P^eet 7, 20, aud'225 seen in optical section. 
8oales : X 2d0, X 800, and X 180. 
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empbaaifiied slightly by pressure on the covers! ip^ is of hall the 
scale of the others. In it, d, v, marks the dorsal blood-vessel 
which lies in coils, showing that even these segments, as long 
as broad, are contracted. 

Unbroken setcB are extremely rare ; even the points of the 
aciculss and acicular setie are worn down level with the thick 
and tough epidermis. 1’he three figures from specimen 2 of 
tlie Red Sea show the short swollen acicular setae of anterior 
feet, much larger, hut less conspicuously swollen in the 20th 
segment (text-fig. 86). In segment 225 (text-fig. 86) this and 
the aciculae are not distinguishable, being more slender and con- 
spicuously long inside the body, almost meeting these from the 
other side under the dorsal vessel. 

Text-figure 87. 


The only two upbroken capillAries found, and point of acicular seta. 

Foot 400. X 800. 

Examination of hundreds of segments reveals only an occasional 
acicular seta or a slender hair-like capillary, but two complete 
and well projected capillaries were seen and found, under a high 
power, to be of a striking shape. Their disproportionately long, 
slender tips apparently are the hairs more frequently seen, the 
blades l)elow them being usually below the surface of the skin 
(text-fig. 87). 

For anterior setes I can only show these of the Wasin specimen. 
Here again, set», except the relatively enormous aciculars, are 
almost always missing, but two were discovered, pf a very simple 
type, in the 46th foot (text-fig. 88), It is unfortunate that only 
66 segments of this specimen were obtained ; one would like to 
have seen more of the sti’ikingly fomed capillaries of the bind 
body. 
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Judging by the relative sizes of acicular and capillary setee and 
the almost entire absence of the latter through wear, it seems 
likely that they are vestigial structures of little or no importance 
to the animal. 

Text-figure 88. 



J), Scto! of 46 th segmont of the minute Kenya Colony specimen showing 

the enormous acicular seta, one complete acicnla and base of second, and two 
of the three capillaries. X 300. 


The Genus Arabella. 

Only twelve species have been recognisably described, of which 
two, A, {Aracoda) ohscura Willey from Ceylon, and AAricolor^ 
of the Atlantic and English Channel, are confined to the Old 
W’orld, and one, A, (Aracoda) muUideniata^ is common to the 
Atlantic, Pacific, and Indian Oceans, having been discovered by 
Ehlers in Florida, and later recorded by Augener from S.W. 
Australia and Amboina. These collections now add an Indian 
Ocean species with varieties in the Red »Sea and Cape Verde 
Islands. 

The objection made above to the creation by Chamberlin of 
n new genus Cenothrix received emphasis a few days later from 
my finding the guarded acicular setae upon uhicli Chamberlin 
lays such stress, in the species of Arabella hereafter described 
from Professor Gardiner’s Maldivan and my own collections 
from the Red Sea and Cape Verde Islands. This species 
resembles Chamberlin’s very closely but, except in one variety, 
has the hooked posterior plates of the upper jaw characteristic 
of the genus. 

Though there is no question of the reality of the hooded acicular 
setfe described by Chamberlin, and found in all these specimens, 
a broken or distorted capillary may somewhat closely resemble 
them. Such a case is figured on page 79, and in any case their 
derivation from the winged capillaries is obvious. It h possible, 
therefore, that less perfectly developed forms of the same 
structure have been overlooked in other species. 

As collections rarely contain more than one specimen of any 
species of this interesting genus, little has hitherto been possible 
towards working out variation of species, of which this seiies 
shows extraordinary examples. 

It is notable that these collections do not contain the Atlantic 
form A* irioolor, which Fauvel records from the Red Sea and 
Indian Ocean. The absence of the Mediterranean and Atlantic 
DrUonereia JUuni, which Fauvel also records, is noted above. 
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Arabella novbcrinita, sp. n. 

The species is like, and probably identical with, A. (Ceno- 
thrix) muimis Chamberlin, a single specimen of w hich was brought 
from the shore of Easter Island *, in spite of the fact that all 
my sixteen specimens but three differ markedly in the jaw 
appai'atus. In A, mutans the proximal pair of plates is asym- 
metrical, only one (the right) being formed into a hook anteriorly, 
and this appears to be ilbformed, while the left plate is toothed 
throughout its length. In A, novecrinita the jaws are almost 
perfectly symmetrical, in vfkv.logani the fiist pair is nearly so, 
the second asymmetrical ; in var. asymmetrical w bile one of the 
first pair ends in a long slender hook «s usual, the otbei* is 
toothed through nearly its wliole length, thus approaching the 
condition of Chamberlin’s specimen and also the genus JS^oiocirrus. 

The prostomium is a pointed cone with the usual four eyes at 

Text-figure 89. 



AraMla novecrinita ^ sp. n. 

Dorsal and ventral views of tlie forepart. X 10. 


its base (text-fig. 89), Peristomium in two clear rings, some- 
times indistinctly separated dorsally, anterior border slightly 
recessed in mid-dorsal line, wrinkled ventrally. Feet all pro- 
minent, though small. Dorsal cirriH rndimenlary. All have 
a large finger-shaped lobe ventral to the seta-sac projecting 
postero-latemlly, sometimes upwards. Setae include (1) capil- 
laries with naiTOW plain bordei-s, (2) with broad borders bearing 
denticles proximally, (3) acicular setae with peculiar asymme- 
trical hoods. 

Of the typical form the collections contain 
Two specimens from Minikoi (Stn, 1 ), Maidive Is. 

One specimen from Chuaka Bay, Zanzibar. 

The former, though perfectly preserved, Jack nearly all their 

* Chamberlin, Mem. Mns. Comp. Zool. Harvard College, xlviii. 1019, p. 329, 
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setlie, though such as remain agree exactly with those of the 
Ghuaka specimen, and, as other characters are the same, there is 
no doubt of their being one and the same species and variety. 
The body is peculiarly round, with long segments and widely 
separated feet throughout its length. It tapers gradually towards 
the head, but more rapidly at the tail end. 

The two complete specimens measure 19 cm. and 11 cm. in 
length, with a maximum breadth of alK)ut 1 mm., with 317 and 
280 segments respectively. The first ten segments are thiee 
times as broad as long, but in the middle region (and most of the 
body) about twice as broad as long. 


Text-figure 90. 



A, navtfmntYa.— Jaws, symmetrical type. X 40. 

The fMt (text-figs. 89 and 92-93) are all small but quite distinct, 
measunng about one-fifth the breadth of a segment when the 
seta-sac lobe is included. This projects from below the seta as 
a finger-like process, generally pointing rather backwards and 
upwards, and is rather longer than the foot itself. It is best 
shown in the figures of the anterior end of the worm, as in those 
of the feet and setee it is compressed. 

The prostomiuro, ns usual in this genus, is an elongated cone 
round in section, but for a narrow flattened area (in one specimen 
A narrow groove) ventrally. It bears the nsnal two pairs of eyes 
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at its base, all of the same size, but the median pair, being nearer 
the surface, is the more conspicuous in the Minikoi specimens ; 
but in the Zanzibar specimen, which is more transparent, they 
are all alike. (This niny explain the variation found by 
Ti‘eadwell in the relative conspicuotisnes's of inner and outer 
pairs of eyes.) 

The peristomium consists of two unbroken rings, of which the 
first is rather tlie longer. It is notched just behind the eyes, 
but nuchfihpits are not visible. Ventrully it is slightly wrinkled 
];>ehind the mouth, but in one specimen these wrinkles are 
inoonapicuous. 

Tha jaws are symmetrical in all three specimens, thp formulce 
of two * being 

4-1. 1—1. 

4—4 ? 5. 5—4. 

4—4. 5—5. 


2 + 9-24-9. ?— 1 + 9. 

l + fj-^l +6. 1 + 6 + 1— 1 + 6 + 1. 


For the shnpes and relations of the plates see text-fig. 90, 
w^hich shows that they are much more of the form normal in the 
genus than are the plates in A, which, from Chamberlin’s 

sketcli, seem to be degenerate. The supports are as usual, but 
the broad articulations to the pincers and slightness of the angle, 
where in A, tricolor is an upturned spur, should be noted. 

The lower jaws are best described by text-fig. 91. 


Text-figure 92. 



X76. 


The feet are nearly the same throughout the body, they and 
their finger-shaped ventral lobe being conspicuous from the first. 
The dorsal tubercle is visible under the microscope (text-fig. 92), 
but is never conspicuous as in A* tricolor, 

• The jaws of one upecimen have been lost in the interval since 1904, but their 
symmetry was noted in that year. 



74 


DR. 0. CROSSLAXD ON THE POLYCH^TA OF 


The setae comprise : — 

(1) A bundle of fine aciculae in the dorsal tubercle. 

(2) Large aciculee sometimes with fine points. 

(3) Acicular setae with asymmetrical and rudimentary “ hoods.’^ 

(4) Capillaries, slightly bent, narrowly bordered, the borders 
plain or finely denticulated . 

(5) Capillaries distinctly bent and broadly bordered at the 

bend, where the border bears about four teeth. 

All are slightly yellowish in colour, including the acicul® and 
acicular set®. 

Numbers 3 and 5 are absent from anterior feet (e.gr., text- 
fig. 92), but all are present as early as the thirtieth segment 
(text-fig. 93). The acicul® number three in each foot anteriorly, 
two posteriorly. The capillary set® five to seven anteriorly 
(generally only five), three (sometimes four) in the posterior feet. 

Text-figure 93. 



A, novecrinita, Zanzibar specimen. — 30th foot, all the kinds of setae present. 

X80. 

Above ; Two of the hooded acicular set® from region of the 250th foot. X 220. 

The denticulated form (text-fig, 94) never exceeds two, and 
there is only one hooded acicular seta in any foot, though two 
are seen occasionally. All these bordeied set® ore striated 
obliquely, and in many cases the set® break along the stii®. 
The denticiilation of the edge and the breadth of the border 
vary. In some the border is hardly visible and the edge of the 
seta smooth, in others broad with coarse denticulation. There 
are thus at least three kinds of capillary in each foot. The 
larger denticulations are distinct, and definite in number, five, 
sometimes four, per seta ; but there is a vaiiety (shown in text- 
fig. 95) with smaller and more numerous denticles continued 
distally by minute and indistinct denticulation. This kind of 
seta is exceptional in the type, but is the rule in var. logani. One 
of the plain bordered set® of the dorsal bundle is distinctly 
larger and longer in the bordered portion than in the rest, and in 
the anterior feet, where all the set® are plain bordered, this special 
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form is still distinctly recognisable. The hooded acicular seteB (text- 
fig. 93) occur singly and ventral to the others ; in the posterior 
feet they sometimes project a long way and are especially 
distinct, but they are always easily found. They correspond 
exactly with Chamberlin’s drawings, as do the other setae save for 
the greater breadth of the borders in these specimens. 

The denticles on the bordered setce are so slender and lie at 
such a small angle with the border, and furthermore are dupli- 
cated by the other wing, that they are difficult to make out in 
detail. Those shown en fa>ce in figure 98 were the most easily 
made out. 

The tips are almost invariably damaged, as shown in the 


Text-figure 94. 



Text-figure 95. 



j 4. Denticulated capillaries. To left ; The form usual in the 

species (from foot 100, Zanzibar specimen). To right : An exceptional 
variety, from 80th foot. X 300. 


figures. Only after careful searching were two younger setae 
discovered provided with the slender tips shown in the figures of 
var. logani. 

The anus is provided with four short cirri in the Zanzibar 
specimen, but they are absent in the complete specimen from 
Minikoi. One pair arises from swollen bases as in irkoJor* 


Arabella kovecbikita, var. logani. 

A single specimen of good size was collected for me by 
J. Gordon Logan, Esq,, at Suez in 1905, and differs sufficiently 
from the preceding to warrant separate notice as a named 
variety. 
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(1) The body-form is more conti'aoted, i.e,, more like thut of 
other worms, than in the Indian Ooean specimens (including 
Chamberlin’s species from Easter Island)*. The pro- and peri- 
stomia l emain the same, though the dorsal recess on the anterior 
border of the peristomium is scait)e)y visible, but after that the 
body rapidly broadens out to a maximum of 2 mm., and it 
somewhat flattened ventral ly for the first half of its length and 
on both sides in the tail region. The taper to the tail is gradual, 
suggesting regeneration, which would explain the fact that, in 
spite of its 2 mm. breadth and the larger size of its feet and aetfe, 


Text-figure 96. 



A. mvecntiila var. logani » — Asymmetrical maxillary apparatus (from 
a Capo Verde specimen). 

its total length is only 9 cm. and number of segments only 196. 
There is no other evidence of regeneration, however. There is an 
anal tubercle but no cirri, as in the Minikoi specimen. 

(2) The segments are short, being four and five times as broad 
as long. 

(3) The jaw apparatus differs markedly in that the second 
maxillary plates are asymmetrical, as shown in text-fig, 96 and 
others. 

• Thk difUsrence may to some extent be due to the slow death of the worms 
colleoted in the Tropics due to overheating of the water daring their conveyance to 
the Ubamtory ashore. 
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The teeth number 

1 — 1 . 

1 + 3 — 14 - 3 . 

l + 3^1 + 5. 

1 (double)+12 — 8. Asymmetry. 

1 4 “ 7 — 1 + 7. Partial symmetry. 

It is to be noted that this asymmetry is not merely the loss oF 
the long and narrow descending part of plate II, as the teeth differ 
distinctly in the shape of their upper ends, the short plate on 
the right side being curved over the end of the forceps to a much 
greater extent than is the head of the large plate on the left* 


Text^figure 97. 



Var. logani , — Denticulated seta from 
100th foot. X 300. 


Text-figure 98. 



Group of setae from 180th foot ; Two 
denticulated setae seen en face. 



The lowest plates both end in large hooks, but are not quite 
so symmetrical as in the Miuikoi and Zanzibar specimens. 

Exactly the same asymmetry of maxillse II is figured by 
Ehlers for his A. quadriairiata in ‘ Die Borsten warmer,’ and by 
De St. Joseph under the name MaHovia giga/ntea. As these 
names are synonymous with A. iiHoohr* we liave precedents 
for placing this specimen in one species with the type, which 
I confess I am glad to have in view of the even more difiicult 
case which follows. 


* Mclutoah iu * British Auuelid« * aud other autlioriGes. 
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The »et «0 differ in that : — 

(1) The acioulsB are more numerous, five instead of three in 

anterior feet, three instead of two in posterior. They do 
not always carry the tine points usual in this species. 

(2) Oapillaries usually eight in anterior feet, instead of five, 

four or five in posterior instead of three (or four). Two 
per foot are denticulated as usual. 

(3) Of the two types of denticulated setre noted in the Zanzibar 

specimen the second (compare text-fig. 95 with text- 
fig. 97) is here typical. 

These variations are figm^ed. Text-fig. 98 includes (1) the 
larger pla\n (or finely denticulated) bordered seta.*; (2) the two 
coarsely denticulated setse seen from in front with the two wings 
or borders opened out in one case, closed in the other ; (3) the 
hooded acicular. Text-fig. 97 shows the usual side view of a 
denticulated seta., while text-fig. 92 of an anterioi* foot shows 
plain bordered setsB and aciculae only — in this case the aciculas do 
not carry the long points usually present and shown in text- 
fig. 93. Except for the number of setae present, this figure will 
serve for either type or variety. 

Arabella noveorinita, var. atlantica. 

Of the eleven specimens collected in the Cape Verde Islands 
only two were seen alive, the remainder being collected from the 
masses of worms and Crustacea obtained by washing out dredged 


Text-figure 99. 



A, nooecrinita var. atlantica , — Anterior end of a specimen in wliicli 

(1) Peristomium forms a collar round base of prostomium, through which 

lateral eyes are seen. 

(2) Dividing line between first and second rings of peristomium, though clear 

ventrslly, is brolcen and doubled and indistinct on dorsal side. . 

material and the incrustation of Vermetm and Lithothamnia 
which coats all rocks at low tide 

The colour in life is the usual flesh-colour of the Lumbri- 
conereid®, but lighter and yellowish. The second specimen is 

♦ See “(Ecology and Deposits of the Cape Verde Marine Fauna,” by the author 
P.Z.S.1906,voLi. 



TROPICAL AFRICA AND THE HALDXVE ARCHIPELAGO. 


79 


noted as “pearly." The fore- part is very extensile, and when 
extended decidedly narrower than the hind part, and so trans- 


Text-flgure 100, 



J. novecHnUa vftr. atlantiea. 


Text-figure 101. 



A, uomerinita var. atlantiea. 


Text-figure 102. 



A. novecrinita var. asymtnetrica. 


Set®. Scale, all X 300, from which relative wiee of the specimens may be seen. 
In tigs. 100 and 102 seta^ are in positions occupied in the feet. Feet are 
lOOth, 95th, and 70th respectively. In fig. 100 second seta from the right 
is a deformed capillary which strongly resembles the acicular seta nevt to it. 


parent that the delicate long supports of the jaws are visible 
under a lens. This great contractility is evidently the cause of 
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the marked variation in the proportions of the body found in the 
preserved specimens. In none is the forepart so markedly 
narrower than the rest as it was in life. Of tlie four eyes the 
outer are, in life, the larger. The shape of the prostomium 
appears to have been the same as in the preserved specimens. 

This specimen, in its proportions, is intermediate between the 
type and var. logani ; others are much more contracted, so that the 
prostomium is withdrawn into a collar formed hy tlie peri- 
stomium. On pulling this back the prostomium and eyes are 
found to be of the normal form, though in some the anterior end 
is broader (see text-fig. 99). 

In some specimens the fore-body shows a telescoping of the 
segments into each other, but behind they remain long an<l 
the feet well separated. In one all remain long. The charac- 
teristic V-shaped mark on the ventral surface of the prostomium 
is present, and the peristomial dorsal recess is generally to be 
made out. The jaws are asymmetrical exactly as in var. logani, 
and the numbers of teeth approximately the same, e. y . : — 

1 — 1 . 

I4.23._l + 4 . 

14 . 5~-1 + 4 . 

10 to 

6-6. 

Indeed the only diflference from var. logani is in the setae, 
where, in all the Cape Verde specimens alike, including var. 
aaymmetrica below, the denticulated setae are shorter in the head 
or bordered portion. There is only one to a foot, with three or 
four denticulations. The series figured (text-figs. 100-102) shows 
their close resemblance in specimens of different sizes and in 
var. asymmetrica. The figures show the resemblance between the 
other setae and those of the type and var. logani, and also that 
the hooded aciculars are of uniform pattern right through. 


A. NOVECRINITA, var. ASYHMETRJCA. 

The smaller specimens from 0*25 mm. to 0*6 mm. in breadth 
were specially examined. Three were found to liave a third type 
of jaw apparatus, while agreeing with var. atlantica in other 
respects. Two of the specimens were found with the nine of 
atlantica in W. 9 and one alone in W, 13. 

This peculiarity of the jaw apparatus would be sufficient 
grounds for the creation of a new species (or genus even), but 
I have been unable to correlate it with a single constant differ- 
ence to the other varieties. 

The upper jaws are sufficiently described by text-figures 103 
and 104, from which it is seen that the right plate is toothe<l 
almost through its whole length. There is, however, always 
a diastema below the anterior hook. (This variation is parallel 
to that found in the small asymmetrical posterior plate in 
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(Enone fulgida, which may be evenly toothed throughout or end 
in a email but distinct hook*.) 

The second pair is also asymmetncal exactly as in vars. logani 
and atlantica. Allowing for diflerences due to the different 
angles at which the plates arc seen undet* the microscope, the 
upper series are found by careful focussing to be alike in all 
specimens in any variety. 


Text-figure 103. 




A, Hovecrinita var* asymmetrica. 

Jaws of two specimens. Figures at sides of mandibular plates indicate proper’ 
tions of lengths of upper plates to roots. 

In fig, 103 (maxillae) the square ends of the teeth arc appai*ent only, and due to 
point of view. X 05 and X 

The lower jaws differ markedly from those in the other 
varieties in the length of their posterior projections, which are 
sometimes longer than the anterior plates. 

Had we but one or two specimens of each variety the difference 

• Oompaiv also OwtphU hrittaniea Meint Brit. Annelids, pi. Ixv. fig. 13. 

Pitoc. ZooL. Soc. — 1924, No. VI. 6 
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in the jaws would make this a new species, but on examining 
a series we find that this distinctive difference of the lower jaws 
is shared by specimens which have the typical atlantica-logani 
upper plates, and in fact we have a continuous series be- 
tween the extremes. Compare the following of tlie smallest 
specimens * 

A. var. asymvmtrlca, specimen W. 10, 0*36 min. wide. 

Prostomium blunt at end but with the usual V-shaped mark 

below. Peristomium also normal. Body round and segments long. 

Jaws, upper, fully asymmetrical ; lower, with supports as long 
as the anterior plates. 

Specimen W. 9. 1. Pro- and peristomia as usual, but anterior 
segments of body short, posterior long. 

Upper jaws exactly as in the preceding. Lower with long 
supports, but still shorter than the end plates. 

Specimen W. 9. 2. 0*25 mm. wide. Prostomium bliint-ended 

and when mounted in glycerine only two eyes can he made out, 
which are large and liglit brown in colour, an eftect possibly due 
to long preservation. Segments short throughout the body. 

Upper jaws completely asymmetrical, the plate with the short 
upper hook has this doubled. 

Lower jaws with long supports egaal in length to the narrow 
upper plates (text-fig. 104). 

This being the smallest specimen of all the set*e are completely 
figured, but no definite difference to the others, or of var. atlantlca^ 
is to be seen. 

B. var. atlantica, W. 9. 3. 0*6 mm. broad. 

Body contracted. Upper jaw.H with a long diastema, as h\ 
text-fig. 105, which is from specimen W. 0. 5. Specimen 4 is the 
same, and all are in fact as in vars. atlantica and logan% but 
the lower jaws are of the type found in var. asymmtirica. In 
No. 3 the supports are \ longer than the upper plates 
(measured vertically) ; in No. 5 they are yL longer. In No. 4, 
however, the relation is reversed, being as 7 is to 5, thus leading 
to the relations found in adults of all varieties. Variation in 
lihe breadth of the anterior plates is also shown in the figures. 

The succeeding four specimens from the W. 9 series sliow no 
variation from the type in either upj)er or lower jaws. 

It seems clear that these varieties of lower jaw are merely juve- 
nile characters, and it is tempting to regard the toothing of the 
whole plate in var. asymmetrica as an ontological repetition of 
the evolution of pincers from a uniformly toothed plate. It is 

* In the smfillost spocimeiw examined detailt* were clearly and easily made out, ok 
the plates were di^rk brown in colour and oomewhat translucent. In rather largei 
ftpeettneno they were as usual jet-block oiid quite opaque, and the difficulty of 
KQparatiag and arranfriug the plates wlten the whole appuratna is hardly visthie to 
the naked eve is considerable. It may be overcome by bleadiing for some hours in 
a mixture of HjjOa and NaOH,by which brown plates are obtained instead of black, 
and at the same time of less risridity, so that they lie flat on the slide instead of with 
the toothed edges of the wedge-shaped plates directed upwards and consequently 
invisible. 
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probably reversionary, but is not a norma] development since 
(l)we find no intermediates between the var. and type as we 
do in the cjise of the lower jaws; (2) Chamberlin’s specimen, 
possibly the same species, was quite large, 1*6 mm. in diameter 
without the feet. 

These variations of the jaw a))pai‘atus within a single species 
are almost as remarkable as those described for (Enone fulgida , 
i need hardly say that I have l)een driven reliictaiitly by the 
facts to include all in one s{>ecies, after consideration of 
the opinion of Professor Treadwell, who, by contining hinkself to 
this one group, has had a greater experience of it than any other 

Text-figure 105. 




Jaws of a s|M»ciracn of var. atlantica. 

Upper jaws normal, lower 1oi)g*rooted. X 95. 

worker. After his large and important work on the West Indian 
Laodicidie, he states: “I have found that while such details as 
the number of teeth in a plate may vary, the general appear- 
ance and the arrangement of the parts of these structures are 
decidedly characteristic in any species.” In the following year, 
after examining the large collection he made in Fiji and Samoa, 
he adds : “ Later study luus led to no conclusions <liflferent from 
those there stated, unless it is t/O further empluiMse the import- 
ance of the jaw in classification. I found the general chantcter 
of the jaw remarkably cons*tant in any one species, especially in 
the form of tlie plates and their colour.” 


6 * 
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Genus (Enone Sav. 1820. 

(Enone Sav. 1820. 

AgUmra Sav. 1820. 

Halla Costa, 1844. 

Aglaurides Ehlers, 18(58. 

Lysarete^ Cirrohranchia^ etc. various authors. 

(Enone Treadwell, 1922 ? L c. Fiji and Samoa. 

The synonymy of the above genera (with the exception of 
Halla) has been under discussion since Savigny’s discovery of 
Aglanra fulgida and (Enone hicida at Suez in 1820. It has 
recently been discussed by Fauvel and Treadwell, tins former of 
whom places all known species under the genus Aglaurides^ the 
latter showing that (Enone has [)recedence. In 1904 I obtained 
and examined specimens of Halia ’^arthenopeia fi oin Naples an<l 
also a specimen from the Cape shown to me by Professor 
McIntosh. AVhile distinct as a spf*cics 7/. parthenope/ia shows no 
difference from Aglanrhles^ettc. which can be leckoncd of generic 
importance. To found a separate genus upon such differences us 
length of tentacles, small size of nuchal organs, nnd complete 
versus partial sep.iration of the two segments of the [»eiistomium, 
not ahse'nce of any of these features, is absurd, particularly as 
these structures are all of physiological importance and therefore 
liable to variation with external conditions. 

As in Halla parthe7iopeia the nuchal 2 »its are distinct, one should 
write that the nuchal organs “ are small for “ absent.'^ The 
length and position of the tentacles are conspicuous diilerences, 
as they are always visible without pulling hack the Ixmler of the 
peristomium. The cavity under this edge is limited to its 
central part and the tentacles, rising from this, lie backwards in 
a depression in the dorsal surface. There ai e four eyes, as in 
(Enone, the smaller posterior pair being sometimes ditticult 
to see. As might be expected in so large an animal, the head, 
etc. are comparatively small, in one specimen 45 cm. long (in 
spirit) the jaw-sac e,g. was only 6 mm. in length. In the jaw 
appai'atus, setae, feet, etc., and colour of the living animals there is 
hai’dly anything of even specific importance. The incorrect 
drawing of the nuchal organs given by Savigny has exercised 
systematists for a hundred years. Treadwell described the 
living animal in the West Indies in 1921, his description nearly 
agreeing with my drawing made at Suez in 1904 and which 1 
now publish (text-fig. 106). I also observed that a still living but 
moribund specimen retracted the prostomium until it resembled 
a spirit specimen (c/. text-fig. 107) ; in this condition it might 
readily serve for the type of another species, if not genus ! 

To briefly recapitulate this history of a hundred years — 

1820. Savigny describes Aglaura fulgida 1 . « 

(Enone lucida J 

184 1. Costa names the Mediterranean form llaUa parthenopeia, 
1868. Claparede rodescribes Costa’s sp. under the same name. 
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1868. Elilers changes Aylaura io Aylaurides, 

1878. (Iruhe describes Havigny's species as Aylaurides ftdyida 
from tlie Philippines. 

Numerous other genera founded for the same two speciCvS. 

1900. Gravier describes the Red B^a species under the name 
A. erythrceensiSf but is corrected by Fanvel in 1917. 
March 1904. Specimens of Jlalla from Naples and the Cape 
examined by nm and compared with Maldivariand East 
African examples. None but differences of specific rank 
exist. 

A remarkable variation, by which the javr-plates 
])ecome symmetrical, discovered in op.e of the Maldivau 
specimens. 

November 1904. Specimens examined alive at Suez with a view 
io determining maximum normal ex})ansion of the nuchal 
organs. 

The above results not publisbe<l till pi*esent date. 

1917. Fanvel discusses the whole synonymy and admits only one 
genus Aylatirides with three species. JIalla 2>(^^dhenopela 
not considered. 

1 1^22. Treadwell, adopting a suggestion as to lailes of priority 
from Chamberlin, gives the name (Enom to the whole 
genus. Describes (E. diphyllidia with special care. 

1923. Author discovers another variation of the jaw-plates 
(in Zanzibar specimens) and divides the genus thus (]jro- 
visional ly as regards (E. dijdtyllidia) : — 

Genus <£NONE. 

TcMitecles Ion;; ami a1wa> s visible ; michiil organs Riiiall. (Euone parfhmopeia* 

Tentacles short, generally hidden CK.faIgtdn. 

Species (E. fuloida. 

Jaw-plates *5y muietrical, 

ll) hy enlargement of the small asunmetrical plate . \nr. (Uphplluha. 
(2) by reduction of the opposite plate and the size of 

tlio asyniiuetrical .... \ivr. umlensts. 

Jaws asymmetrical as u*.ual in the 8|M‘cies, but in some 

anterior plates there are several long fangs \ar. umhvUoules. 

Fistddi’s sj>ccies, (E, jiacifica from Ternate, is so likely to be 
merely (E, ftdgida that I follow Aiigener in absorbing ifc into 
that species. The possession of two hooks on the second platt‘oii 
the right upon which Fauvel lays stress is a not uncommon 
variation, Langerhana de.scrihes Halln snlfurea from Madeira 
(Zeitsohr. f. wiss. Zool. xxxiii. 1880), w'hich .seems to differ fiom 
parthenopeia in having 6 eyes (one minute ]>air on the rtniiral 
side of the prostomium), shape of the lower jaw-plates, ?ind the 
possession of stroi^gly hooked set®, with the usual capillaries. 
Until more material can be examined I regard the species as 
doubtful. Haswells HaUa australis has been shown to be 
iEnont {Aglaurides) fulgida. 
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CEnone fulgida Sav, 

(Syndhymy given under genus.) 

With variotios : — malemin. 

arahelloides. 

The following specimens were collected originally, others being 
added later from the coml reefs of the inlets of Dongonab Hay, 
Red Sea. The animal shows a liking for sponge habitats iu 
comparatively stagnant water on reefs. 

Kast Afiicaa collection, 3 specimens, Wasin and Prison Tslancl, 
Zanzibar. 

^fdldives, KululeMale Atoll, 2 specimens. 

Retl Sen : Suez Docks. Among the larnellibrancdis, etc. covering 
the dock walls, irndera crust of Polyzon under a floating 
stage. 

Snakin llarhour. Among coral and sponge. 

Dongonah Ilarhonr. Tuner reefs, crevices of coral. 

In the last-named habitat 1 found it quite common when 
employing labourers in obtaining coral for piers. 

Size. Generally under a foot in length, but one specimen 
reached 480 mm. when alive. It is much shorter in spifit, 

(Jolour. Orange above, bright yellow at sides and below. No 
markings. The colour darkens on exposure to air and in 
fresh water the worm secretes abundant mucus, whicli on 
addition of alcohol is stained violet by a second secretion. 
Alcohol dissolves out a quantity of this substance exactly 
as noted by ilaswell for liis U. australis, and for 0. parthe- 
nope/ia by Clapaivde. 

Since my MS. was w’litten in 1904, full accounts have been 
published, e. <7., by Fauvel and Treadwell, d'be form and general 
coloration of the body are excellently given by the coloured plate 
of the living animal in Treadwell’s “West Indian Leodichhe.” 
In life the prostomiuin also is exactly similar ; it is only on 
examining the dental apparatus that Treadwell’s species is seen 
to be distinct. It is remarkable that the species of this genus, 
partbsnopeia, diphyllidia symmetrica Fauvel), and fulgida, 
should all be bright yellow or orange in colour when alive. 

The prostomium, in spirit specimens, varies in shape as in 
text- fig. 107, in which the peristomiuiii is cut away to show the 
tentacles and eyes. 

The protrusion of the nuchal organs has not been observed 
since Savigny's time and does not appear to have been figured 
since, and my examination of niiraerous specimens alive and dead 
inclines me to believe that he figured an abnormality, if indeed 
the engraver did not add the organs actitig upon verbal instruc- 
tions. I give a figure (no. 106) of the head of a specimen which 
was quietly crawling in a l>asiii. As I have frequently verified 
this drawing from other living specimens, 1 believe it represents 
the maximum normal protrusion of the organs. 
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The figui’e shows how greatly the prostoraium differs from 
that of a spirit specimei), and the ftict that all four eyes oorne to 
lie at nearly the same level when it is extended. 

It is interesting to note that in a living but moribund 
specimen sketched at Suez, the prostoniium and tentacles arc 
retracted much as in spirit. The sketch is so like that on 
the right of text-fig, 107 that I do not copy it here, but the 


Text-iignre 106. 



(Enone fMlgida. - Head of the living animal showing normal extension of tentacles 
and nuchal organs, (This hpeciiuen has a fifth eye.) X about 9. 

largo (‘yes, contracted to a round ,slifipe, lay just outside the 
peristoinial border, the stiialler pair being visible through it. 
The tentacles were knob-like as in preserved specimens. Nothing 
could be more unlike tliesame parts in an active and undisturbed 
animal, or more likely to be made the type of an unnecessary 
species, or oven genus. 


Text-figure 107. 



Hoad of two preserved specimens (from Kenya Colony and Zanzibar) to show' 
variation in shape of the prostomia. reristomia cut away as shown hj' 
dotted line to display eyes and tentacles. X 6. 

To return to the normal extension of the parts. The 
]”)eristoraiuin is shown as lightly divided into two segments. 
If I had known that so much importance would lafer be attached 
to this point, I might have given it more attention, though, as 
it is admitted that traces of this division show in all specimens, 
insistence upon the question of its completeness or incompleteness 
seems a little pedantic. 
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The areas external to the large eyes are white, the rest of the 
prostomium being yellow. 

This specimen had a fifth eye as shown, but was otherwise 
quite normal. 

Willey (Ceylon Pearl Fisheries, 1905) described a specimen in 
which there were two groups of three eye-spots each in place of 
the median pair of eyes. 

Fauvel discusses the homologies of the small asymmetrical plate 
of the left-hand series. His figures, the most realistic ones 
published, give the usual arrangement, but I have been fortunate 
enough to find two rather abnormal specimens which definitely 
prove that each plate is homologous with its opposite in spite 
of the great dififerences in size. 

In a specimen from Zanzibar which corresponds exactly with 
♦Savigny’s account and especially with Ehlers’ careful drawing 
from his * (Enone diphyllidia^^ the arrangement of the last two 


Text-figure 108. 



Lower inaxillary plales of a slightly abnornial specimen (from Zauxilmr) illustrating 
the homologies of the pairs. Letters correspond on right and left sides. 

pairs is slightly complex (see text-fig. 108). On the right is a. 
long plate surmounted by two distinct long fangs, behind which, 
without any interval, are 10 smaller teetli. The strongest part of 
the plate is not at its posterior end as one would expect, but at 
the point marked (a) in text-fig. 108, which thickening continues 
into the two anterior fangs. The part h, bearing the smaller 
teeth, is much thinner and in an attempt to separate the various 
plates may break away aloTjg this line in one piece. The last 
plate of all bears 10* very small teeth which are hard to make 
out, as they lie over the posterior part of the preceding and larger 
plate. The first is somewhat longer and more bent than the 
remainder, from which it is separated by a small gap. 

On the left 6ide these two plates are highly modified, the lower 
being so much enlarged that it appears rather to pair with the 
second of the right side, which it resembles in shape as well as in 

* The most posterior are very small indeed. 
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«ize, in not being drawn out so far in the transverse arm d. 
But its homology with the lost plate on the opposite side is shown 
by the space between its first fang and the succeeding teeth. 
Also the plates a and a' show their coimspondence by the 
presence of a second small anterior fang at d as well as at e, 
and by its projecting at the inner posterior corner beyond the 
fang of the next posterior plate at h and 

One of the two specimens from Hulule in the Maldives differs 
from the above arrangement almost as much as if it were a 
distinct genus» the lower plates becoming almost completely 
symmetrical (text- fig. 109); though this makes a difference 
which is at first sight very striking the variation is a simple one 
when the above account of the homologies of the parts is under- 
stood, Further, in this specimen the two fangs of the right 
)K>sterior plate, which are so characteristic of this genus and 
species, are here fused except at their tips, so that only one^ 

Text-figure 109. 



(Emnefnlgida. — Symmotrical jaws of the Maldivan specimen. 


appears to be present until a careful examination is made. Both 
sid(»s are alike in this respect also. Elders’ figure of Qlnoiie 
diphyllidia shows only one anterior fang on the right posterior 
plate. Possibly two were really present (of which indeed theie 
are indications in Elders’ figure itself), but were confused as in 
the case above. 

The jet-black colour and complete opacity of these small 
jaw“plates make their accurate examination somewhat difficult. 

The following comparison of the numbers of the teeth is 
interesting : — 


Abnormal specimen 

Zanzibar siiocimcn 

Ditto 

Grnbe’s spiHjimcn. 

from Hulule, 

Xo 

. 1. 

No. 2. 

Philippines, 

1. 

1. 

1. 

1. 

1 . 1 . 

1. 1. 

5. 

5. 

6. 

7. 

4. 7. 

0. 5. 

8. 

8. 

5. 

8. 

7. 9*. 

(5. 6 . 

10. 

10 or 11. 

H. 

12. 

9, 12t. 

7. 7. 

9 or 10. 

10. V, small. 

10. 

9. 

10. 8. 

8. 11 or 12. 


* 2 of the^e very staall. t 6 of these very small. 
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Tlie above table was made out in 1904. I have now examined 
the jaws of eight other specimens with the results given in the 
second table. 

No other symmetrical specimen was found, but there is 
considerable variation not only in the nuinberKS of the teeth but 
also ; — 

(1) The prominence of the iirst hook-like teeth varies. In 
specimen nos. II and III the first teeth do not stand out 
beyond those succeeding them in the case of three plates 
on the left and all but the first on the right, where 
the first three teeth are of approximately equal length. 
This gives a vei'y abnormal appearance to tho.se plates, 
unlike that characteristic of the species, and recalling 
their arrangement in the genus Arahdla. 

(2) The hook of the first plate on the left side (the small 
asymmetrical), whicli is given prominence in text* fig. 108 
and in the text, is indistinct or absent — as in Fauvel’s 
figure — in specimens I, III, V, VIII. It is not prominent 
in no. VI. 

(3) The doubling of the hook of )date II on the same side was 
not found in specimen I, and of course is <lisguised in IJ 
and III. ■ 

(4) This feature on the right side was made out in specimen 

IV only. 


Table of variation of Jaw-plaiee, 


Lo(»lit.v. 

Spec. no. 

V. 

IV. 

rii. 

11. 

1. 

Zanzibar .. 

1 

1 

1 

1+4 
1+6 + 1 

1+5 

1+7 

1+6 

1+y 

1 + 7 : 

6 1 

1 


a 

1 

l + 3 + l 

4 

4 + 1 or 2 

?11 

»> 

1 

3 + 1 

2+2 

12 

1 + 8 


3 

1 

1 + 6 

3 + 0 

8 + 0 

3 + 10 


1 

3 + 2 

6 

13 

7 


A 

1 

- 1+6+1 

1+6 

2 + 4 + 3 

1+4+3 


4k 

1 

1 1+6 

1+6 

2 + 7 

1+6 + 3 

Dongonab Bay, 

fC 

1 

. 1+6+1 

1 + 6 

i+6+a 

1 + 6 + 2 

Red Sea. | 

O 

1 

! 1+3+2 

1+6+P3 

a+8 

7 

i 

A ( 

1 

1+3 

1+4 

1 + 7 i 

1 + 6 + 2 

a j 

D 1 

. 

1 

1 + 4 

1 + 6 ! 

2 + 8 1 

7 

li«d Sea 

n 

1 

1 + 4 

1 + 4 + 1 

1+6 + 2 

1 + 8 + 3 

1 

1 

1 1+4+1 

1+6 + 1 

2 + 10 j 

1 + 6 


\ 

® i 

1 

, 1 + 4 

1 + 5 

1 + 6+4 

1+6 + 1 


1 

' 1+6 

1 + 6 

2+7+4 

8 
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The fii«t of each »et of figures, whicli is normally 1, refei’s to 
the upper large hooks, the third to small teeth whetlier these 
occur anteriorly or posteriorly to those of more considerable 
development. 

The lower jaws vary much in size and sliape, as illustrated by 
the three sketches of text-fig. 110. 

Of the eight specimens of the table, four have their mandibular 
plates more or less like the sketch to the left of text-fig. 110, 
three like the middle sketch, while the condition shown on the 
riglit was unique in specimen II, in wliich it was noticed above 
that the upper plates were also peculiar. It should be noticed 
that the plates are not fused but merely binged by ligaments, 
so that the divergence posteriorly of the same pair of plates 
is not constant. 

As Fauvel shows, the partj% of this upper jaw apparatus Tare 
not more or less flat ])Intes as iu e. g. Knnice^ but are wedgea 


Text-figure 110. 



(Ettonefulffida, — Typc^ of lower jaws (raandiMes). X 13. 
The luiinbers are those of the specimens of the table. 


bearing teeth along their ridges. The sides of the wedges are 
prolonged ventralwards for a considerable distance, these pro- 
longations being readily distinguished from paragnaths, not only 
by their continuity with tiie “ plates” but also b}" their jet-black 
colour* Paragnatbs occur on the other — ontijr —side, and in 
this species are browui in colour, (iravier has confused these 
structures in his incomplete figure of the apijavatus. I give a 
diagrammatic section of the jaw-sjic, etc., drawn in 1904, in 
text-fig. Ill* 

It is curious that the symmetry of the Hulule specimen is 
produced by the reduction in size of the right plate to that 
normal for the left, i, e. in exactly the reveiTse way to the, 
Kvminetry of (Emne {Agl^aitrides) diphylluiia as described by 
Tretidwell and Bymrty^trica (which is apparently synonymous 
with diphylUdia)^ in which symmetry is attained by the enlarge- 
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raent of the small plate. As Ehlers lias described the .normal 
form from Florida I am inclined to put all into one sj>ecies, and 
make the variation of the lower jaw-plates a jiart of the specific 
description. 

The variation of the mandibular plates shown in text* fig. 110 
brings Treadwell’s figure for A, diphyllidia within the limit of 
this species. There is always some strong white chitin at the 
angles, which is not, however, properly part of the jaw-plates 
and is not shown in my figures. 

One of the specimens from Wtisin, dredged from 10 fathoms, is 
only 1 mm. wide, and it is interesting to find so young an example 
exactly like the large ones except that the jaw-plates are dark 
brown, not black, and the dorsal cirri are small, smaller than the 
lip of the seta-sac. This is no doubt due to the easier access of 
the blood to oxygen in so small a body. The other characters 
were examined, but no difference from the adult form "was 
detected. 

Text- figure 111. 



CEnone fulguln . — Diagrammatic section of the jaw-sac. 


The species is thus recorded from tlie Philippines, tropical 
Australia, the Maldives, East Africa, lied Sea, San Thuino in 
the Gulf of Guinea, Florida and the West Indies, Le. it is 
common to tropical seas, but is replaced by 0. partheuojma in the 
Mediterranean 

The Genus SxAURocErnALXrs (Dorvillea). 

Twenty species have been described clearly, and there is 
remarkably little synonymy. This is perhaps due to the small 
size and rarity of most species, e,g. those named by Grube in the 
‘•Annulata Oerstediana,” and by Verrill fortunately remained 
untouched until rediscovered by Treadwell. To this number are 
now added two. 

There are striking differences l)6tween species, but tabulation 
of these fails to indicate any natural grouping into subgenera. 
It may, however, be of assistance to future workers to note the 
following groups into which about half the species fall. 

* Langerbans describes O. {Halla) sulfurea from the Cftjiaries wliicb may be a 
yomjg speoimm of O. farthenopeia, I did not find an example of the genus in tbo 
Cape Verde Islands. 
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I. Possessing a nuchal papilla. 

atistraliensis Mcl. ; see Treadwell, ‘‘Fiji and Samoa.*' 
rubra Grube : see Treadwell, “West Indian.” 

S, moniloceraa Moore, “ Californian Annelids.” 

JS, {Dorvillea) a^aaaa Chamberlin. 

S, gardineriy sp. n. 

II. Forked seta; present. Only one pair of eyes. 

S, kefersteini. See Mcl., Brit. Ann. 

pallidus, „ „ „ 

S, ciliatua. „ „ „ 

III. Forked aetaei present, but the usual four eyes. 
aS'. hngicornis Grube, “ Ann. Seinperiana.” 

>y. pohjodoiita Verrill: see Treadwell, L c, 

S, inceria Schm. {ss^australia Haswell). 

iV. T\vo species show features unique in the genus, viz. aS'. rubro-^ 
rittahiSy having extraordinarily over grown brush or bristle- 
iike teeth-plates in the outer rows, and S. kefersteiniy having 
palps of a length and slenderness not seen elsewhere. 

The descriptions of the following species are practically useless : 
Griibe’s ^^.Jilicorn is and S, brevipinnis in the “Ann. Semperiana,” 
owing to omission of description of the jaws, S, chaiji Clp. of the 
“ Golfe de Naples,” in wdiich they are imperfe(?tly described and 
indistinctly figured, and iS, radolphii Lringerhans, from Madeira, 
in which the seta» are not figured. 

The nearness to the ventral surface of the peculiar lower jaw\s 
is a curious feature. All here described, except S. riibrovittatus 
and the large ti, gardineri^ were picked out of “ washings ” con- 
sisting of hundreds of small worms principally Eimicidae, Nereida% 
Syilidee, and Phyllodocid®, and in all ciises these black forcep- 
shaped lower jaws were the first feature of the genus to be 
recognised. 

These plates lie in the skin of the lower lip, their posterior 
processes lying a little deeper. They do not appear to be coji- 
nected, or at most very lightly, with the large mass of muscle 
which carries the upper plates, and it is obvious that they cannot 
be protruded further than the position in 'which they are now 
found. The upper plates represent an early stage in the evolution 
of the Eunicid jaws, and it is iutei*esting to find that in certain 
species, such as S. slmilisy describe<l below, fusion has taken place 
l)etween some of the plates at the proximal end of the row, 
resulting in a toothed plate like those of the Eunicidje. This hn^ 
gone further still in S^polyodonta Verrill, described by Treadwell, 
Joe. cii* 

Staurockphalub (Dorvillea) gardineri, Bp« n. 

The oonspiouoiis featui'OB of tins species, after its large size— 
it is gigantic for this genus — are the possession of a nuchal 
papilla and large transverse penstomial pits. 
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Tlie possession of this nuchal papilla is shared by four other 
species^ and the relationship of this one is best shown by tabu- 
lating the details which serve for specific discrimination, printing 
in italics those which differ from S, gardineri, 

A. Toothed maxillary plates in two rows on each side. 

I. /S'. gardirieHf sp. n, 

1. Tentacles jointed, same length as palps. 

2. Maxilla', inner row with long tooth on one side, outer 

row toothed l>oth sides. 

3. No terminal piece to dorsal cirrus. 

4. Shafts of compound setae not denticulated. 

II. amtralieusia McI. (Treadwell, Fiji and Samoa). 

1. Tentachs only jointed near ends a^id only | the 

length of the palps. 

2. Very small accessory teeth, on one side only of the 

plates. 

3. End piece of dorsal cinnis distinct, short. 

4. Shafts of compound seia3 not denticulated. 

III. S. {Dorvillea) crassa Chamberlin (Mem. Mus. Comp. Zool. 

Harvard College, 19] 9). 

1. Tentacles with numerous joints, and same length as 

palps. 

2. Maxillae all simple hooks. 

3. No terminal piece to dorsal cirrus. 

4. Shafts of compound setce denticulated. 

B. Three rows of maxillary teeth on each side. 

IV. S. moniloceras Moore (“ Polyclueta from Monterey Bay and 

San Diego, California,” Proc. Acad. Nat. Sci. Phila- 
delphia, 1909). 

1. Tentacles Q-S joints. Palps half agam as long, and 

both only H times as long as prostomium. 

2. MaaAllae of inner series ivith teeth on one side only, 

some with two equal terminal teeth. 

3. Conical “ style ” at end of dorsal cirrus. 

4. Shafts of compound setce finely denticulated. 

C. Four series of toothed plates on each side. 

V. S. rultra Grube k Treadwell (West Indian Leodicidje). 

1. Palps longer than tentacles. Tentacles with 9 articu- 

lations. 

2. Maxillae of outer row pinnate, inner with t/eeth on 

one side only. 

3. End piece of dorsal cirnis indistinctly separated. 

4. Shafts of compound setce denticulated. 

But for the possession of two accessory rows of denticles on 
each side in the jaw apparatus, S. ruh'a would be hardly separable 
as a distinct species fiom S. gardineri. 
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The collection containB two specimene, one from the Meldivee 
(Hulule Male Atoll, Statn. 4), the other from the ehoi'e of Pun- 
gutiftyu Islet, off Wasin, East Africa. Both are well preserved, 
but the former was killed with the head well extended (text-fig, 
112). In the latter it is contracted, so that the nuchal papilla is 
not well seen until the j)eri8toinial border is drawn back, and the 
tentacles and palps are shortened. Notes on this specimen while 
alive are useful, however, in showing that the nuchal pits were 
not so slit-like in life, the rough sketch made showing them much 
like Tirndwell’s figure of the living S, rithra. “ Lively in its 
movements. Body round, slightly flattened underneath; pink 
with thin rod line-s intersegmen tally. Tentacles (not palps) 
jinnulated. Dorsal cirri large, simple, and almost colourless.” 

I’he rough sketch referred to al>ove shows the pro- and peri- 
stomia and their tentacles and palps in about the proportions of 
(lardiiiers preserved specimen. They are shorter than this in 

Text-figure 112. 



Staurocephalus gat'd inert j «i». ii. — Dorsal and ventral views of anterior end 
of the Maldivttii specimen. X 4^. 

In the former note nuchal organ and recesses ; in the latter the large mouth, 
ill front of which the ventral edge of the prostomium appears as a small 
knob. * 


spirit ; the flattening of the ventral surface seems to have been 
exaggerated by pr^ervation, though it does not exceed that of 
other ^pecie8 described. 

The specimens are 1-3 and 2*7 mm. wide without the feet, with 
the feet 2*5 mni. and 4*0 mm. for the East African and Maldivan 
respectively. The set® project nearly as far beyond the feet as 
the feet do from the body. Both examples are regenerating the 
tail end; the Maldivan measures 50 mm. in length with 100 seg- 
ments, the East African has 30 before the new part begins. 

The large tapering dorsal cini are conspicuous, recalling those 
of (Enone\ the first foot bears one of fair size, thus differing 
from that of most other species. 

The form of the body, as usual in allied species, is jieculiarly 
truncated anteiiorly (see text-fig. 112X the widest part being but 
a few segments bekiiid the peristomium, which is but little 
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narrower than this : behind this point the body tapers ^adually 
to the tail. 

In section the body is remarkably arched dorsally and flattened 
to a creeping sole ventral ly, the feet arising from the edge of the 
flattened part, i, e, far below the middle line of the side. 

The segments are short and sharply marked oft* from one 
another. In the contmcted East Afidcan specimen this applies 
to all but the first few ; in the Maldivan the secontl ring of the 
peristomium ( which is as distinctly marked oft’ from the first as 
are any of the setigerous segments from one another) and the 
next four segments are about eight times as broad as long. They 
then gradually lengthen, over most of the body being six times 
as broad as long. Towai*ds the posterior regenerating part the 
proportion returns to eight or more. 

The dorsal skin is marked by fine longitudinal wrinkles. 

ISTo anal cirri can be made out. 

Text-figure 113. 



S. ffarditieri.^hower jaw (it is not symmetrical). X 26. 

The prostomium is remarkably flattened from side to side, deep 
dorso-ventrally. (Its pioportions anti relations to the peri- 
stomium are best shown by the figuies of the dorsal and ventral 
aspects of the anterior end.) In this it resembles the descriptions 
of the other four species given above (es{)ecially see Chamberlin’s 
account of his D, crassa), but no detoiled figure of this remarkable 
ensemble has yet appeared. (Ehlers’ figure of S. ceraeina in 

Mag. u. Chil. Strandes is not unlike this species in the ventral 
view, but the dorsal is quite difirereDt.) 

The main features of the jaw apparatus are : — 

(1) Lower jaw (text-figure 113) densely black, and showing no 
separation into com|K>nent plates except for a nodule or 
two at each distal horn. The teeth are roundly pointed 
and well separated, not broad«ended and close U^ether as 
in the set of species to which e« g. S. eimilis below, belongs. 
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(2) About so pairs of toothed plates in the upper jaws on each 
side, i. e. 120 parts in all. 

(3) There is no fusion of the proximal plates, which are how- 
ever joined together vertebra fashion (text*%* 114 a). 

(4) Inner row composed of flat triangular but curved teeth, 
with long brown supports. In a side view they appear as 
slender brown prongs. They liave three small denticles 
on either side of the base of the main point (text-flg. 114 5). 


Text-figure 114. 



The three figures together make up practically the whole of one 
double iw of teeth. 

114. Posterior end. a, point corresponding in fig. 116 ; hy single tooth 
of inner row seen iVom above. 

116. Anterior end of the row. 

116. Middle part of outer row, isolated. 

(6) Outer row composed of more slender curved prongs (short 
in comparison to e. g. S, eirmlis)^ with complicated double 
supports and 8 toji denticles on one side only. These do 
not spring from the edge of the plate (text-fig. 116). 

Proc* Zool. Soo.— 1924, No. TII. 7 
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The figures (114-1 10) given suOOiee for <^her details incloding 
the variations shown in different {larts of the riblion, but it should 
be noted that, as the teeth point upwards from the plane of the 
paper, they are not so thick in proportion to length as shown in 
the drawings. 

Figures 114 and 115 together show the whole ribbon with the 
exception of about six pairs of teeth from the centre. The 
resemblance of these plates to those of the two main rows in 
StaurocepJholus rubra Grube described by Treadwell, and between 
the lower jaws of the two species, is striking. 

The feet (text-fig. 117) are round in section, hut somewhat 
expanded distally by the lips of the seta-sac, which form a wide 
vertical slit from which the long setae project in a regular fan. 


Text-figure 117. 



S. gardinerif sp, n. — 20th foot sliowinp: uiijoiuted cirrun, wide Rcta-sac, and 
three kinds of setas. /.c., line and narrow-ended compound setas. X 26. 

The dorsal cirrus is long, thick below, gradually passing to a 
point. There is no end -joint ; at most possible traces of articu- 
lation may be made out under a low power of the microscope. 
In this tlie species dififers from the gi’eat majority, resembling 
only S, crassa and S. rubra. It is supported by the usual single, 
very alender, and apparently flexible acicula*, which extends 
from the centre of the foot to near the tip of the cirrus. The 
foot itself is supported by a single stout yellowish acicula of 
ordinary pattern. 

^ XremdweU states that the cirms contains a tuft of setn fn 8, an$tr<il4en$i8 and 
in 8, ifitMa, In the former case his figure suggests one only, as is clearly shown 
in the * Challenge ’ figare. All other species hare one only. 



TEDPXCAL AFRICA AND THE MALDIVR ARCHIPSLAGO. 


99 


The seto, ae mual, consist of : — 

(1) Dorsal slender, colourless, and slightly curved simple set®. 

As in seveml other species, these are &nely deaticolated 
along the convex edge and end in one or two veiy minute 
hooks. 8orne are exceptionally fine and transparent. No 
forked set® occur, 

(2) A larger ventral bundle of compound set® resembling those 

of the genus JHunice. In this species they are fairly stout, 
end-pieces with the usual two teeth an’d guard of moderate 
length. Both shafts and ends are smooth. 

Text-fig. 118 shows a group of compound sette in the positions 
they occupy in the foot, and it is notable that they tend to lie in 
pairs, more slender shafts and longer-headed setae j>rojecting 


Text-figure 118. 



From left to right:— (1) Group of ordinary compound setw: 
^2) part of the ventral group of line c«in|>ounds ; (3) two of tlie capillaries, 
d.v.f doi’aal uiul ventral aides of the group. 

(1) and (2) are X 200. (3) ia X 300. 


further, those with thicker shafts and shorter heads being a little 
shorter, and both forms tend to broaden towards the ventnti side 
of the foot. 

(3) A small bmulle of shorter, finer, and more transparent 
com|>ound set® with strikingly narrow end-pieces forming 
the ventral boundary of the fan. These have not been 
observed in other species and are not always present, or 
may be repesented by only two or three examples. 

All three types are illustrated in text-fig, 118, in which the 
dorsal side of the group is to the left. To the right is a group of 
the smaller long-headed compounds to the same magnification as 
the larger ( x 200), but tlie two capillary set®, it should be noted, 
are drawn on the scale, X 300. 
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Stauhocephahjs (Dorvillba) similis sp. n. 

Small, up to about 1 mm. in breadth including feet ; body 
arched and broadest anteriorly, uniform in breadth to near tail. 
Tentacles and palps short, the former with five joints in young 
specimens, thirteen in older; the latter, like the dorsal cirri, 
with the usual terminal joint. 

Eyes two pairs, the anterior more than twice the size of the 
posterior. 

Lower jaws slender, deeply cut into broad-ended teeth. 
Upper in two rows on each side, distally both long, slender and 
curved, more proxirnally the outer I'ow becomes broader and 
shorter, eventually fusing into toothed plates ; both bear long 
sharp denticles. 

Feet long and cylindrical, dorsal cirri longer than the feet* 

No forked setsp, compound with Ijotli short and moderately 
long ends. SiinpU*, not hooked at ends. 

Four specimens were obtained among washings from coral 
collected near the entrance t<) tho docks at Snez, among a large 
number of other \vorms, juincipally Eunice antennata. All are 
small, 4 to 5 mni. long, 0*27 mm. wide, or with the feet 0*4 min. 
There are 30-35 segments. 

Also ten larger specimens from washings 7.” The largest of 
these are distended with sexual products, and measure a milli- 
metre in width including the feet, with a length of 17 mm, 
containing 50 segments. Another worm, with 70 segments, is 
the shorter, and diflers from others in the shortness of its 
segments and crowding of the feet, which are usually well 
separated. 

Of these specimens two are of so different appearance owing 
to their narrow elongate<l bodies and widely separated, freely 
projecting feet, that only a thorough examination proved their 
identity. One of them measures 12 mm. in length, 0 4 across 
the body (0*75 including the feet), and consists of 45 segments. 

Body broadest just behind the head, flattening and tapering 
gradually to the tail. Highly arched dorsally, so that the bases 
of the feet are not visible from above. This is especially the 
case from the peristomiuin to the fourth or fifth setigerous 
segment, which region is somewhat distended to accommodate 
the musculature of the dental appamtus w'hich extends far 
behind the plates themselves. This distension goes so far as to 
partially obliterate the intersegmental groove dorsally, in the 
smaller specimens entirely. Anal cirri four, two being long and 
jointed, two very short*. 

Seen from above the prostomium appears flatt, but it is 
really deep dorsoveiitrally and narrower below^ as in the preceding 

♦ not markedly differentiated from eevcral other sp6cie«. 
t In two apecitnens the front is depressed iatn a funnel which I take to be an 
artifact. 
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species* (This is not shown in text-figs. 119 and 120 as they 
were drawn from a transparent specimen.) It also narrows 
to a neck passing within the high collar of the peristomiiim. 

It bears jointed tentacles, 5 joints in the young, up to 13 in 
the older, and broad flattened palps, which terminate in tiie 
usual conical joint. The former arise from depressions near the 
large oval anterior eyes, the latter ventnilJy as usual. The 
smaller brown posterior eyes seem to consist of a globular retina 
and small lens, structures not made out in the larger anterior 
pair. 

The mouth is wide but nearly closed by two large lateral 
lips formed from the peristomiiim. 

These structures are illustrated by text-figs. 119 and 120, dorsal 
and ventral views of the anterior end of a small specimen soaked 
in glycerine but not compressed by a cover slip. Both show the 
positions of the dental plates; in the latter the mandibles are 


Text-figure 121. 



H. aimiU $. — Lower jaw-plates of three s|>ocimen8. Note (1) asymmetry, 
(2) £n*eater separation of distal plates in largest specimen. 
a &b X 136, c X 00. 


almost as clear as if dissected out. Their conspicuousness in 
spirit specimens is noted above as characteristic of all these 
small Staurocephalids, The same figures show the structure anil 
proportions of the feet, which, owing to their ventral origin, are 
best seen in text-fig. 120, in which the ventral and dorsal cirri (the 
latter shailed), lips of seta-sac and its papilla, and relative length, s 
of the setae are shown. 

The lower jawof thefirst specimen di.s8ected (text -fig. 1 2 la)shows 
remarkably slender cutting part.«, more deeply cut up than in, 

S* Imigicornis or S, palUclus, A second specimen, however, was 
more normal, as shown in text-fig. 121 5 ; but in both the jaws 
are light and particularly distinctly toothed. The deep separation 
of the teeth in text-fig. 121 a suggests young plates in which the 
constituent parts are not yet fully fused up ; hut the blackness 
of tbe shafts indicates greater age than that of the other 
specimen, in which the lateral areas indicated ere brown, not 
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bkdL The wonng from whieh they were taken are of nearly the 
same size. 

The third sketch (121 c% drawn to a lesser scale, shows the 


Text-figure 122. 



Text-figure 123. 





8. double row of tootliod pktes. X SSO. For lettering, 

see text. 

Detail* of *ame:— (a) Posterior ple*^e in this cate not «o completely fused m 
in fig. 12S. For other lettering see text. X 300 except d (from a large 
speoimefi) which it X 300. 

lower jaw of one of tlie larger specimens, which is less completely 
fused than even the smaller, though the plates are completely 
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black throughout. The range of individual variation is therefore 
considerable. 

The jaw apparatus consists of two rows of plates on either 
side, the general arrangement of which is shown in text-fig. 122. 
Of these, the inner row begins some distance posteriorly to the 
outer as a toothed plate — a in text-fig. 122, which anteriorly 
articulates with the proximal of a series of more or less triangular 
toothed plates bearing denticles. At h the outer row begins as a 
series of similar triangular denticulated plates. Both series now 
approximate in size and shape so that at c they are only 
distinguishable by the length of the second denticle in teeth of 
the inner row, both being long curved teeth, finally at the end 
losing their denticles and becoming soft. 

In plan this is like the apparatus of S, vittata descril)ed by 
Treadwell from the West Indies, but the details difler. It is impos- 
sible to make out details, especially of the middle region in the row 
mounted whole, but they were obtained from other specimens in 
which the plates were separated. Text-fig. 123 shows a variation 


Text-figure 124. 



8, similis. — 6th foot (of one of the elongated specimens) 
seen from above. X 95. 


of the proximal plate in which its origin by the fusion of 
distinct elements is visible, and the first rudimentary plates of 
the outer row are also shown. The detailed shape of a plate of 
the outer row is shown at a, and also in text-fig. 1 23 6. 
Text-fig. 123 0 and d shows the rapid approximation in shape 
between outer and inner plates in the middle of the row. 

The articulations of these plates and attachment to basal mem- 
brane are complicated. 

The long plates of the inner row have a toe and lieel attach- 
ment of which the long toe part, in a side view, may strongly 
resemble a third row of simple teeth without denticles. 

This fusion of the proximal plates shows the ©volution of the 
tooth plates of other Eunicidse^ It has gone still further in 
S. mehmeps described by Treadwell, Z. c. 

A foot is shown in text-fig. 124, whilst text-fig. 125 shows a 
group of setae from the 15th foot of one of the smaller specimens, 
four capillaries and four out of the seven compound setae being 
present, Of the former the longest is so delicate that no details 
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could be made out at a magnification of x 600, but it appears to 
be one which in other feet is seen in side view as a simple smooth 
capillary of extreme slenderness and fine point. In another 
example a similar seta was found to be finely denticulated. Of 
the other three, two have dilated tips with sharp serrations, in the 
third the tip, though serrated in the s^ime way, appears to be 
slender. In other s|)ecimens these serrations show a tendency 
to split away forming a brush-like end to the seta?, as shown to 
the right of text- fig. 125. This is certainly an effect of breakage 
an<l wear and may corraspoiid with the fact that in these 
specimens a good many of the compound set® have lost their end 
pieces, but it does indicate an internal structure which may be 


Text-figtire 125. 




(iroup of tetffi from 15th foot of mimller specimen ; to right, a pair 
of bnigh-likc sotm. X 600. 


the rudiment of the forked set® so chai'acteristic of certain 
species. 

The dentioulations of the shafts of the compound sette just 
below and also above the angle of the joint and occasional 
projection of the hood are notaWe futures, more pi*ominent in 
some specimens than in others of the same size and, as would be 
expected, more developed in tlie larger specimens. In these also 
fine toothing of the guard can be made out, which is not visible in 
the young examples, as in text-fig, 126. The simple set® are 
similar, but more numerous ; the delicate broad ends sometimes 
show rudiments of books, scarcely however in many cases dis- 
tinguishable from the ordinaiy serrations. 



loe 


K>I.YCHJSTA or mOPiCAI. AraiCA. 


Text-fignre 126. 



S. — Sotro of a larg^er Bpecimeu. X 600. 


Staitrocephalus (Dorvillba) rubhovittatus Orube. 

This well known species was founil iu nodules of Litho> 
thamnia dredged in 3 to 5 fathoms in St. Vincent Harbour, 
when several specimens wex’e obtained. Curiously, it did not 
occur again, even in tlie numerous washings from similar material 
from adjacent localities. It appears to differ slightly in colour 
from Shiropean examples, as the brilliant crimson hands 
occupied mc^t of the dorsal surface, broad and less definite 
alteruating with clear intersegmental lines. The underside, 
teixtacleSy palps and feet, and posterior parts of the prostomiutn 
were colourless as usual. 
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2. On the Family LinguatnUdd'. lly Mauy L. Hett, B.Sc., 
F.Z.S. (late Professor of Biology, Lady Hardingo 
Medical (lollege, Delhi). 

[Received October 2, 1823 : Rend Kebnmrj' 6. 1924.1 
(Text-figures 1-13.) 

In the following paper an attempt has been made to give a 
short general account of tlie anatomy and life-history of tlie 
family Linguatulidse. In so far as they are accessible, all 
important works of previous writers on the subject have been 
consulted, and tiie account has been compiled fiom the data thus 
obtained, together with tlie result of a nuinl>er of independent 
observations. The scope of the paper was originally intended to 
include a systematic x*eview of the genera and species belonging 
to the family, hut, owing to the publication of Dr. Sambon^s 
recent work on the subject in the Journal Trop. Med. (78), I 
have rewritten that part of my article, provi.sionally adopting 
Dr. Ham boa’s classification, but adding additional notes and 
information. 

The material on which my own investigations were made is 
as follows : — 

1. Alx>ut 200 specimens obtained from animals dying in the 
Gardens of the Zoological Society, London. 

2. Specimens in tlu^ collections of 

a. British Museum (Natural History), H. Kensington, H.W. 

ft. Royal College of Burgeons, Lincoln’s Iim Fields. 

c. University Museum of Zoology, Oxford. 

d. Univex-sity Museum of Zoology, Cambridge. 

e. Indian Museum, Calcutta. 

/. Museum of Zoological l>ept., Univei'sity College, 
Lomlon. 

3. Bpecimens received from Professor J. P. flill, IVofessor 
Ashworth, Professor Lei per, Dr. W. N. F. Woodland, Dr. E. A. 
Prasei*, Dr. Pixell-Goodrich, and Col. Walker, Principal of the 
Veterinary College, Lxihoi’e, to all of whom my thanks are due. 

4. Specimens obtained fx'om snakes and lizai’ds in India. 

In aihlition to the examination of external features, a number 
of these specimens were dissected, while others were investigated 
by means of serial sections— the sections including bocli larval 
and mature forms, 

Mjr thanks are farther due to Dr, H, Marrett Tims for his 
help in tlxe earlier stages of the work ; to the authorities of the 
above museums, through whose kindness I have able to 
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examine the collections in their charge; and to the authorities of 
the Zoological Society for material obtained from annuals dying 
in the Society's Gardens. 


HISTOEICAL. 

In 1789 Frolioh (27) gave the name Linguatnla sennita to a 
tongue-worm from tlie body-cavity of a rabbit. 

In 1811 Humboldt ( 44 ) described another sjiecies of tongue- 
worm from the rattlesnake with the name Forocephahis crotalL 
This Siime species was redescribed by Kudolphi eight years la ter (76) 
as Peiitastoma prohoscidexim, Rudolphi\s name has been wulely 
used, although the other generic name^^ undoubtedly have the 
priority. Leuckart employed it in 1860 (63), dividing it intc) 
two subgenera: 1. Lingaatula and 2. PeMastomnm (s. str.) 
with the following diagnoses : — 

Subgen. Linyuatula Frdlieh. 

Body flattened, mised dorsally, with a crenated margin. The 
body-cavity extends into the lateral portion of the rings. 
(Ti-ansl.) 

Subgen. Pentastomum Rudolphi. 

Body cylindrical. Body-cavity continuous. (Transl.) 

In 1883 Hoyle ( 43 ) declared these to be of generic rank, and 
added the following characterization to Leuckart’s diagnosis : — 

Llngiiatula: hook-glands diffuse; opening of (esophagus into 
the anterior termination of the intestine; testis double; 
vesicula seminal is single. 

Pentastovium : hook-gland in two maases ; resophagus opens 
on the inferior sm face of the intestine ; testis unpaired ; 
vesiciilflD seminales seem to be double in most cases. 

Lohrmann in 1889 (56) pointed out that the differences in the 
form of the hook-glands, position of the aisophngeal aperture, and 
the lateral prolongations of the body-cavity were not of sulflcient 
importance to constitute generic distinctions. Stiles in 1891 
( 90 ) agreed with Lohrmann, and further remarked that it still 
remained to be proved whether the testis is single in all species 
of PentoBtomum (s, str.). Stiles recognized the priority of the 
name Porocephalus over that of Pentastomum^ but proposed to 
i*etaix) the latter because of its widespread use. Jn 1898, 
Bhipley ( 84 ), while acknowledging the force of the criticisms put 
forward by Stiles and Lohrmann, still regarded the distinc- 
tions between Linguatvla and Pmtastoimim {sssiPorocephalm) as 
of suflBlcient importance to establish their generic rank. 

In 1899 Ward (96) described a new genus of Linguatulids, 
with tile name Eeighardia^ for Pentastoma lari Megnin. He gave 
a very scanty diagnosis, which was later amplified by Vanev and 
Bambon (98). 



THE FAMILV LINOUATUUHiS. 


109 


In 1910 Vaney and Sainl)on (M) described a new genus, to 
which they gave the name HaiUietieUa. It was distinguished 
from the foregoing genera by the possession of protubemnces 
round the hook-pits, the anterior position of the female genital 
pore, and the bifid posterior extremity* In 1915 I was able to 
investigate the anatomy of a species of this genus. The result 
of my observations showed fui-ther considerable difierences in the 
internal anatomy of the female reproductive system; 

Quite recently Dr. Sam bon ( 78 ) has published a complete 
systematic review of the family, and has added a number of new 
genera to those mentioned above. 

Most of tl»e works in the Bibliogmpby at the end of this paper 
deal with individual species only. Apart from Dr. Sambon's 
paper, the more important of those which attempt to give some 
general idea of tlie group are as follows: — 

Diesing in 1835 (22) gave descriptions of about two dozen 
species. Leuckart in 1860 in his historic Monograph ( 63 ) gave 
a detailed account of the anatomy and development of Linguaiula 
with plates. He also added a list of the then known 
species of the family with original Ijatin diagnoses, hut \innccom- 
paiiied by figui'es, except of the hooks. Stiles in 1891 ( 90 ) 
supplied a bibliography complete to the date of publication, and 
Shi[)ley in 1898 ( 84 ) gave a short account of the gi*oup. 


Family Li ng u atuh n.E. 

internal, vermiform parasites with fiattened or cylindrical 
annulated bodies; the rings vary in number throughout the 
family, but are more or less constant for each species. The 
anterior end of the body is known as the ceplialothorax or head, 
the remainder as the abdomen ; the two divisions have usually 
no clear line of demarcation, but they may be separated by a 
distinct neck. The mouth, guarde<l by a chitinous fi-amework, 
is anterior in position ; the anus posterior ; both are either ter- 
minal or subterminal. On either side of the mouth are a pair of 
protractile chitinous hooks which serve as organs of attachment. 
The body is provided with a cuticle which bears one or more rows 
of apertures on each segment, known as “ sfiginata ” or external 
openings of the epidermai glands. The sexes are distinct, the 
females being considembly larger than the males. The ovary is 
unpaired; fertilization is internal, and the first stages of develop- 
ment take place within the uterus. The testes are paired or 
unpaired. The male genital aperture lies in the mid-veritml line 
a shot*t distance behind the mouth. The female genital aperture 
is either at the posterior end of the lx)dy, a short distance in 
front of the anus, or else anterior, in the same relative position 
as the male genital pore. There are several well-mnrked glan- 
dular masses whose ducts open on the cepbalothoi-ax. The 
muscles are striate except in certain parts in the male repro- 
ductive system. There are no special circulatory or respiratory 
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organs. The nervous system is simple, consisting of a sub- 
msophageai ganglion with a circumHBsophngeal ring and a series 
of paired nerves arising fiom the ganglion. 

The embryos possess two (or three) pairs of clawed limbs which 
disappear completely during development, and at the same time 
a secondary annulation appears which has no reference to the 
origihal segmentation of the body. The life-history is usually 
carried out in two hosts, hut there is reason to believe that in 
some cases an inteimediate host may be absent. The larval 
stajje occurs in many Vertebrates, especially Mammals. The 
adult forms live chiefly in the lungs, air-passages, and body- 
cavities of Reptiles, though eome are found in Birds and Mammals. 

Cuticle. GENERAL ANATOMY. 

The wliole body ^is enclosed in a relatively thick clutinoius 
sheath, which is continued into the stornodacum, rectum, lepro- 
ductive apertures, gland-ducts, and hook-pits. This cuticle is 
secreted by the layer of columnar epidermal cells lying immedi- 
ately below. The chitinous sheath is divided by a series of 
circular constrictions into a number of rings; these rings are 
observable in all the species 1 have examined; they are some- 
times difliicult to trace in adult specimens of Sebekini (whore they 
are very numerous), and in most mature females they b(’ccmie 
more or less obliterated owing to the great distension of the 
uterus. Where the superficial annulation is not clearly visible, 
the rings may often be traced by the circular band of muscle- 
fibres wiiich is closely applied to the centre of each annulus on 
its inner surface and by the arrangement of the stigmata (r. sah.). 
Although they do not represent the original segmentiition of the 
body, the number of these rings lias been regarded as absolutedy 
diagnostic of a species. They are no doubt of great value in 
systematic work, since the number is generally more or less <‘ou- 
stant for each species; but it is impossible to depend on this 
feature alone, for the following reasons: (1) as mentioned 
above, the rings are sometimes obliterated in mature individuals, 
especially females; (•2) a certain number of rings may disappear 
at the anterior or posterior end during metamorphosis ; (3) the 
body may contnict in such a w^ay as to produce wrinkles wliich 
are dilficult to distinguish from annuli. 

The cuticle is pierced in places by a series of minul^ tubes, 
leading from certain glands to the exterior. The small circular 
pores by which these glands open to the outer surface are knowui 
as “stigmata”**^. In the earlier stages they occur in rows, but 
later on tliis arrangeinent is obscured, especially where the pores 
are numerous, and they appear to be scattered irregularly over 
the surface.* As a rule the stigmata are concentrat/ed towards 
the centre of jEjach ring. The relative size and number of the 

* Vid 0 p. 115, footnote. 
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openings vary in the different species. They are numerous in 
Sebekini and Porocephalini, 5 to 10 irregular rows being found 
on each segment^ except in the case of Farocephalus spp., where 
there are only two or three rows. In LinguatuHni and BaiUie- 
telHnaa there is only a single row in the centre of each annulus. 

The presence of a spinous or denticulate<l posterior border in 
each ring is a characteristic larval feature. It has been described 
in the larval forms of LinguaUda aerratay Porocephcdua kaeku- 
genaisy Pentastonm keterodcntUy P* najm-sputatrixy P, graciUy and 
Sehekia oxycephoda, I have verified this statement with regard 
to most of tive species mentioned above, and in addition have 
noticed the occurrence of siimll chitiuous spines in the same 
situation in Armillifer amnUatua and larval spcjcimens from 
Latea microlepis {pi^hahly ss Lelperia cincinnalia). Leuckart (53) 
states that these spines are thrown off during the last ecdysis in 
LinguOftida serrata ; and this phenomenon is probably of general 
occurrence, since the spines are found in fully-formed larvie of 
the species mentioned above, but do not appear in the adults. 

Histologically the cuticle on the surfjjce of the bo<iy can be 
divided into two layers : (l)a very thin, darkly-staining layer; 
(2) a thicker, slightly-staining layer with a lamellar structure. 
This distinction holds good also for the cuticle lining the vnrious 
apertures, except for that of the biKt5al cavity and hook -pits, 
where the cuticle Ims <lifierent staining properties. 


Original Ohaervaiiona. 

Several stains were employed to demonstrate the difl'erent 
lay Cl'S, with the following results : — 

Haamatoxylin and Oi*ange G.... Surface of body : 

(а) Outer layer, dark purple. 

(б) liinerlayer, light purple. 

,, „ ,, ... Hook-pits and buccal cavity: 

red brown. 

Haematoxylin and Piero-Indigo- Surface of body ; 

Carmine. (a) Outer layer, dark purple. 

(6 ) Inner layer, light purple. 
„ „ „ Hook-pits and buccal cavity: 

. purple - blue, green, and 

yellow. 

The thi-ee colours in the last case seem to be due to difference 
in penetrating powder of the 1 ' 6 -agents, not to diffeiences in the 
chitin. 

In some places the two layers visible on the outer surface of 
the body appeared to be present in the month and hook-pits in 
addition to the layer mentioned above. In all cases the cuticle 
of the outer surface is continuous with the inturned portions 
lining the various cavities. The chitin of the iiooks is contiiiuotw* 
with that of tbe hook^juts and has similar staining propertie«u 
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In the alimentary canal the distinctive staining of the mouth- 
cavity gradually disappears in the pharyngeal region, the ehitin 
of the (esophagus staining as on the outer surface of the body. 
The cuticle of the outer surface of the body was also stain^ 
with ; — 

{a) Haematoxylin only. 

(6) Iron Haamatoxylin and Picro-Indigo-Carmine. 

(c) Carbol-Fuchsin. 

In each case the thin outer darkly-staining layer and a thicker 
pale inner layer could be clearly seen ; it was specially evident 
with carbol-fuchsin. Picro-indigo-oarmine had very little effect. 

Hooks. 

One of the mast characteristic features of the group is the 
possession by the adult of two pairs of sharply-curved chitinous 
booklets lying on either side of the iiioutli. Each booklet is 
enclosed in a sac, from which it can be protruded by strong 
muscles^ attached to its base. There is considerable range of 
movement, with consequent alteration in relative position of 
hooks and mouth. The neglect of this fact has, I think, given 
rise to conflicting statements in the description of certain species 
of Porocephalinie. 1 have observed an actively moving Poro- 
cephalus crotali alternately protruding and retracting its booklets 
like the claws of a cat. At one moment a line drawn through 
the base of the hooks would have shown the contour of a down- 
wardly-bent bow, at the next a straight line, and lastly that of an 
upwardly-curved bow. Under these circumstances any statement 
as to the relative position of hooks and mouth must be treated 
with caution. 

Each hook consists of (1) a curved projecting portion, and (2) a 
jointed basal portion emliedded in the sac, to wliich the muscles 
are attached. Both parts are composed of ehitin. 

Hook-sacs, 

There is a pair of sacs or pits on either side of the mouth. 
These sacs are elongated in an antero-posterior direction and 
lined with epidermis and cuticle continuous with that covering 
the surface of the body. At the base of the sac the cuticle is 
reflected back, and becomes continuous with the ehitin of the 
hook. A number of longitudinal muscles radiate out from the 
walls of the sac, and at tlie anterior end there is also a transverse^ 
band of muscles extending from the hook-sacs across the bead 
dorsal to the mouth. This extensive system of muscles allows 
considerable movements of the hook-pits and hooks, as already 
described. 


Hook». 

The distal portion of the hook is more or less strongly curved 
and sharply pointed ; the lower end of this portion widens id 
form a plate which is expanded dorso-ventrally, but strongly 
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eompreesed lat^er^Uy. This plate is articulated to the basal 
portion of the hook, which in its turn is attached to the dorsal 
wall of the sac, and frequently has a strong tooth-like projection 
for the attachment of muscles. 

Sections through the lower region of the curved portion show 

S I) a thickish outer layer of chitin, (2) a layer of epidermis, 
3) a core of loose connective tissue and fibres. Layers (1) and 
(2) are continuous with the corresponding layers in the hook- 
sacs. In the upper third of the curved portion there is a second 
mass inside the fiist, marked off by a second layer of epidermis 
and fibres and eticlosing a mass of non-cellular ^ material, 
apparently fat. 

The chitin is interesting histologically, es with certain stains it 
gives a different reaction to that of other parts of the body. As 
mentioned above, it does not stain readily with hematoxylin, but 
is deeply stained by Orange G and Picro-iiidigo-carmine. 

Small accessory hooks or spines attached to the outer side of 
the main hooks are of frequent occurrence in larval forms, and 
are occasionally found in the adult. Complete ol)servation6 on 
this point are wanting, but there is suffcient data to support the 
theory that they are always present at some stage of larval 
development, but are usually thrown ofi' at the last ecdysis 

Accessory spines or hooks have been observed in the following 
immature forms ; — 


Zinguatula serraki . . . 
Porocfiphalus clavtUua 
Peniastonm crocidura 

P, heterodontis 

P, najcB-Bputatrix ... 

P, gradliB 

tSehekia wedli 

oxycephaJa 

RaiUietiellafurcocera$ 
ArmUlifer armillMm 
(^)Leiperia oincinnalis 


Both pi*s. of hooks : Leuckart (53) et alii. 
Outer pair of hooks only : Stiles (90). 
Both pairs of hooks : Parona (70). 

„ „ Leuckart (53). 

„ Leuckart (53). 

„ Diesing (22, 23). 

„ „ Wedl (97). 

„ „ Leuckart (53) n/n. 

„ „ Diesing (22, 23). 

Inner pair of hooks only : Hett. 

Both prs. of hooks : Sambon (78) & Hett. 


There is only one genus known at present in which accessory 
spines are present in the adult, viz., Porocephaltta Humboldt. 

It will be seen fix)m the above toble that double hooks have 
been observed in species belonging to all the sections of Lingua- 
tulidsB, and further investigations may demonstrate their presence 
in all larval forms. They are least conspicuous in Porocephalini. 


AuMBNTABT OAVhh. 

The alimentary canal consists of the following divisions : — 

а. Mouth*cavi1y. 

б. Pharynx, 

c. CBsophagus* 

d. Stomach or intestine. 
s« Beotmn, 

P»oo, Zoon. Soo,— 1924, No, VIII, 
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a. Mouth. — The cuticle which covers the body extends into the 
mouth-cavity, reaching beyond it as far as the entrance to the 
intestine. Bound the mouth«aperture the cuticle forms a well- 
marked ridge, which, in the early stages of development, is horse* 
shoe-shaped (incomplete anteriorly), but finally, in the adult, 
completely encircles the mouth. In the Sebekini, however, it 
appears to remain incomplete at the anterior extremity through* 
out life (cf, Sam bon, 78). The ridge may be circular, oval, 
pear* shaped, or transverse, but the shape is usually constant for 
any one genus. The chitinous armature is perhaps most marked 
in the genus RaiUietieUa^ where the mouth is nearly terminal ; in 
most other genera it is subterminal, 

Within the ridge there is a chitinous projection called by 
Lohrmann the “mouth-papilla,*’ by Hoyle the “orfil papilla, 
probably protrusible,” but declared by Stiles to be a non- 
protrusible upper lip. Examination of this papilla by means 
of whole mounts cleared in xylol and by sections shows it to be 
a solid chitinous mass filling most of the space enclosed by the 
above-mentioned ring. The mouth-aperture is in this way 
reduced to a narrow semicircular slit between the posterior 
edge of the papilla and the ridge. The oral papilla together with 
the pharynx acts as a suctorial organ, and the whole apparatus 
is controlled by a series of strong muscles stretching from these 
organs to the body- wall. 

b. Pharynx. — The pharynx is crescent-sliaped in transverse 
section, and lined with very thick, deeply-staining cviticle. The 
horns of the cre.scent at the anterior end of the pharynx point 
dorsally, but farther back they bend round and point towards the 
ventral side. At its posterior end the pharynx becomes triangular 
or circular in section, and then passes into the (Bsop])agus. 

c. (Esophagy^s. — The ojsophagus has a relatively small lumen, 
either dorso-ventrally compressed or circular in section, and lined 
by a thin layer of lightly-staining cuticle. External to the 
cuticle of both pharynx and oesophagus is (1) a layer of columnar 
epithelium, (2) a layer of rather irregular muscle-fibres arranged 
in a more or less circular manner. In LinguatuHni the oeso- 
phagus opens to the anterior end of the intestine ; in Porocepha* 
lini on the ventral side. Hoyle (43) regarded this as a generic 
distinction. In Raillietiellini the cesophagus opens ventrally. 
I have not been able to investigate the condition in Bebekini. 

d. Intestine. — The intestine is a long cylindrical tube stretching 
throughout the greater part of the body. It is straight in all 
Linguatulids so far observed except in the Sebekini, where it is 
stated to be sinuous (cf. Sarabon, 78). The intestine is lined by 
columnar epithelium. Outside this is a memhrana propria and 
then two layers of muscle : (a) circular, (6) longitudinal. The 
lining epithelium may be thrown into folds as in Porooephalini, 
or may be produced into finger-like processes as in Ra/UUetieUa 
(87), but in either case it is very glandular, and the gut lumen is 
flUed with excretory granules together with broken-down blood- 
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cells and similar dibrU, Posteriorly the tube narrows and passes 
into the rectum. 

e. Redvim, — Histologically the wall of the rectum resembles 
that of the intestine, except that it is lined with ehitin. In most 
genera it is very short, but in RailUetiella it forms a definite 
narrow tube. Where the anus and vagina open to a common pit, 
the aperture is transverse or crescentic. 

Seceetoey System. 

This consists of : — 

1. Epidermal glands, opening to the surface of the body 

by “ stigmata.'* 

2. Head glands, in the region of the cephalothorax. 

3. Lateral glands, in the abdominal region. 

4. Parietal glands, lining the body-wall. 

5. Small glands connected with the alimentary canal and 

the reproductive organs. 

Spencer (88) groups these glands into two classes : — 

A. Epidermal glands, of ectodermal origin, 

B. The remaining glands (2-5 above), of mesodermal 

origin. 

Epidermal Glayide* (Text-fig, 1.) 

These glands consist of specialized epidermal cells opening to 
the surface of the body through small pores or “ stigmata ** In 
development the stigmata first appear dorsally, but eventually 
they are present the whole way round the body, forming more or 

Text-figure 1. 



Epidermal glands. 

a, Cuticla. 6. Gland. c. Epidermal cells. 

less regular rows in each segment. In the adult, however, the 
rows frequently become irregular and difficult to trace. They 
are usually confined to the central part of each annulus, but 
in some cases are scattered over the whole surface of the 
body. Parona (70) describes a system of anastomosing tubules 

* The term ^'stiiUBete** was spnlied to these spertures before their true nature 

was understood, end the term is still retained by most soologists. 
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connecting the stigmata in a larval PorooefAalua (P. crMduru)\ 
this does not occur in any of the species I have examined. 

The glands are saccular and of the simple multicellular type, 
consisting of small groups of columnar epidermal cells sunk a 
little below the general level and giving rise to some secretion, 
which takes a deep stain. The neck of the gland passes though 
the cuticle and opens to the surface by a circular aperture sup- 
ported by a chitinous ridge. In longitudinal section the glands 
are flask-shaped, the wall consisting of a single layer of elongated 
cells with distinct nuclei ; the secretion is shed to the cavity of 
the gland and passes to the exterior through the narrow neck. 
This neck is non-cellular and consists of a short tube foymed by 
the inturning of the cuticle. The cuticle is thickened around 
the edge of the external opening, thus rendering the circular 
pore easily distinguishable. 

Mesodermal Glands, 

The cells of the mesodermal glands appear to be of a similar 
histological structure throughout. They vary considerably in 
size however, some reaching a diameter of 0*28 mm., while some 
are relatively small. Stiles has described the larger cells as paler 
staining than the smaller ones in Porocephalus clavatusy but this 
difference has not been observed in other species. The nucleus 
is in all cases large and deeply staining, but the outline is fre- 
quently indistinct. 

The nomenclature of the mesodermal glands is in some con- 
fusion, owing to the fact that they have been named according to 
the position of their ducts, a relation which appears to vary 
throughout the family. In all cases there are present: (1) a 
glandular mass in the head, (2) a pair of glands lying on either 
side of the alimentary canal, (3) a number of gland cells lining 
the body- wall. In some Linguatulids the limits of theKse glands 
cannot be clearly defined. I propose to name them according to 
their position in the body ; — 

1 . Head glands. 

2. Lateral glands. 

3. Parietal glands. 

Below is appended a reference table showing the nomenclature 
of other authors : — 

Mead Qlande, Lateral Glands. Farietal Glands. 


Leuckart Hook gland. Parietal glands. 

Stiles Hook gland. Head gland. „ „ 

Hoyle Hook gland. „ „ 

Lohrmann Hook gland. „ „ 

Spencer Head gland. Hook gland. „ „ 


The naihe hook gland was applied by all writers to the 
gland whose ducts open in the book-bay, but the relation of 
these ducts to the glands in question is not constant : e, pr., in 
Btiles’s (M; specimens the duets of the glandular mass in the 
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head region opened to the hook-bays, while in Spencer’s (88) 
observations the ducts of the lateral glands opened in that region. 
Therefore it seems advisable to abolish the term hook gland *’ 
altogether. 

In BaiUietiella the glands are not so extensive as in the other 
groups, and the limits of the different glands are not so clearly 
defined. 

Head Glands* 

These head glands fill most of the head region, and extend 
backwards to the commencement of the intestine. I have investi- 
gated the histological structure in young specimens of Armillifer 
moniliformis and A, arniillatus. The com|)onent cells are i*ather 
small and deeply staining ; they ai*e not distinguishable in 
appearance from those of the parietal gland mentioned below. 

At the extreme anterior end they form a central mass, but 
farther back the cells become confined mainly to the peripheral 
region, owing to the presence of hooks and mouth. Near the 
entrance of the msophagus to the intestine the lateral glands 
appear internal to the head glands, which nearly surround them. 
From this point the head glands decrease in size posteriorly, and 
finally terminate over the anterior end of the intestine. It was 
not possible to determine the limits of the head and parietal 
glands respectively ; they appeared to be confiuent. 

Each head gland had a central duct ; anteriorly each duct 
branched into two, one branch opening to each hook-bay. 
Posteriorly the duct disappeared in the substance of the gland. 

A similar armngement of ducts is described by Stiles (90) for 
Porocepfialus clavatus* Lohrmann (58), however, describes the 
ducts of the head gland as opening to the primary sensory 
papilla) in JAngualtda serrata and (?) Sehekia oxycepJmla^ while 
Spencer (88) in Waddycephalusteretiusculm coxiXd find no separate 
duct for the head glands, nor could he trace any connection 
between the cells of this gland and the ducts of the lateral glands. 

Lateral Glands, 

These are two conspicuous glandular masses lying one on either 
side of the intestine and extending backwards from the mouth 
region almost to the posterior end of the body. In RaillietieUa, 
however, the latet*»il glands appeai^ed to be represented by a mass 
which surrounds the anterior end of the intestine and I'epro- 
ductive organs but does not extend posteriorly tbrough the body. 

In Porooephalus clavatas, Stiles (90) described the outer ceils 
of the gland as large and pale-staining, the inner cells as smaller, 
more deeply staining, and similar to those of the parietal glands. 
In WaddpQepdiiah(>s teretiuseuliiSy Spencer (68) says they vary in 
size ; they are similar to those of the other glands,«but not so 
large as the panetal cells. In my sections of Armillifer 
armUkUtts and A, mmUifartnis the cells are very large and 
similarly staining. In JHaillieiieUa the cells of what I take to 
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represent the lateral glands are smaller than those of the head or 
parietal glands. 

In A. armillatua and nwnUiform.i$ each lateral gland has a 
main duct which divides into two or three branches in the 
substance of the gland. Anteriorly the main duct runs forward 
and opens on the sensory papilla over the inner hook-pit. Stiles 
describes a similar condition in Porocephalus clavatas, only there 
the duct opens below the papilla. In Waddycephahia teretiuaeulua, 
Spencer found that the ducts of the lateral glands opened to the 
hook-bays. In Raillietiellathe ducts could not be traced. There 

Text-figure 2. 


b 



Cells from lateral gland. 

a. Section of main duct. 6. Hadiating canals. 

is also a series of very fine chitinous tubes which r .in from the 
substance of the gland to the main duct. At the distal end these 
fine tubes communicate with a clear space bordered by two oi more 
gland -cellSf and in the cytoplasm of the cells are fine radiating 
lines which converge to the central space. This arrangement 
was first described by Spencer in Waddycephalus teretiusculua. 
The tubes and radiating lines were very clear in my sections of 
ArmiUifer^ but I could not find any tmce of them in JiailUetieUa 
(text-fig. 2). 

Parietal Glands, 

These are fairly small-celled glands lining the body-wall and 
usually more conspicuous at the centre of each annulus. Stiles 
says they are divided into three areas, one dorsal and two venti*al. 
This appears to be the general arrangement for Porocephalinm : 
I found it so in some serial sections of ArmiUifer armillatus. 
Here the glands extended throughout the whole body region 
posterior to the mouthy the cells forming a single or double row 
between the circular and longitudinal muscles of the body- wall. 
There was no definite limit between the parietal and head glands, 
and the cells of the two glands were similar in app6at*ance. 

Smaller Glands surrounding 
a, (Esophagus, 
h. Rectum. 

0 . (Genital organs. 
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a« <E%ophoiigm . — According to Stiles (00) there ai'e two glan- 
dular masses surrounding the oBsophagus. Tlie cells are smaller 
than those of the parietal glands and very pale-staining. 1 have 
observed these glands in young ArmiUifer moniliformis and 
A, urmillatus; here the cells were very small but rather deeply 
staining* 

b. Reotunu — Btiles and others mention glands surrounding the 
rectum. The former notes that they are small-celled and very 
pale-staining. 

c. Genital Orgarw.— According to Stiles there are no glands 
in the female round the spermathecee during the larval stages, 
but they are present in the adult, and the cells are indistin- 
guishable from those of the parietal glands. These glands 
were not visible in any of my sections ; possibly the specimens 
were too young. 

In the male, Stiles describes a thick layer of large gland- 
cells “ outside the vasa deferentia ; the ejaculatory ducts are 
surrounded by peculiar striated longitudinal muscles which look 
almost like gland-cells in section.*' These muscles were very 
noticeable in young ArmiUifer armiUaius and A, monilifomiis 
not only round the ejaculatory ducts, but also surrounding the 
vasa deferentia. The gland-cells were not present in this region. 

From a study of the mesodermal glands in various species of 
Linguatulids, it appears that they have a similar nature and 
origin in all cases, but have become locally specialized. Their 
function is unknown, but Spencer (88) considers that they 
probably secrete a fluid which prevents coagulation of the blood 
taken into the alimentary canal from the host. 

Muscular System. 

All the muscles of the body are distinctly striped except in 
some portions of the male reproductive system. They may be 
divided into 6 groups : — 

1 . Muscles of the body- wall. 

2. Muscles connected with the hook-pits. 

3. Muscles connected with the oral papilla and pharynx. 

4. Muscles of the oesophagus and intestine. 

5. Muscles of the reproductive system. 

1. Muscles of Hhs body-wall. 

Posterior to the head region they aie arranged as follows : — 

a. Circular Mmcks , — There is a thin layer of circular muscle- 
fibres immediately below the cells* of the epidermis. According 
to Spencer (88) this layer thins out at two points on the lateral 
wall in Wadd^eephalus teretiusculus^ thus pmUicing the appear- 
ance externally of a dark lateral line," This line has not so 
faF l>een noticed in any other species. In my sections of 
ArmUifcr armUhiua and -d. moniltfoi^mis there was no notice- 
able thinning of the muscles at these points. 
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b, LmgUudiimt Muscka, — Below ths circular muscles there is 
a shoet of longitudinal fibres which is considerably thicker than 
the overlying layer. In Waddyeaphcdm teretiusculus it was of a 
fairly uniform thickness and formed a continuous sheet (Spencer). 
In Porooephalus clavatm etc. the sheet was incomplete ventrally 
(Stiles). In Armillifer armillatua and A, moniformis also that 
layer is wanting in the mid -ventral line, but is much thickened 
on either side of it.‘ This gives the dark mid- ventral line noted 
for these species. 

In Waddycephahjbs ieretiuscidua the two muscle-layers were iu 
close contiguity (Spencer). In Porocephalua protelis (=« Armil- 
lifer armillatm) and A, moniliformis the space l^etween the two 
layers is very noticeable, and is occupied by the parietal gland- 
cells. 

c. Oblique Mmcles, — These fibres pass obli(|uely across the 
coelom from the dorso-lateral region of the body- wall to a point 
near the mid-ventral line, thus dividing the body-cevity into a 
central and two lateral chambers. In Lingnatula serrata there 
are two sets of fibres in each segment, one set running downwards 
and forwards, the otlier downwards and backwards (Leiickari, 
53). A similar comlition was found in Porocephcdus clavatua. 
In Waddycephalus teretiu8cult.8 there wei‘e two series, but they 
both pass in a dorso-ventral direction and do not cross (Spencer, 
68). In Porooephalus protelis (^Armillifer armiU<it'U8\ Hoyle (48) 
described one seiies only. In Armillifer armillatus hm\ A. mom- 
liforme it was difficult to see if there were one or two series in 
each annulus, but it was quite clear that all the fibres ran in a 
dorso-ventral direction and did not cross. 

2-5. Other muscles of the body. 

There is a series of strong muscles connecteil with the liooks, 
hook- pits, oral papilla, and pharynx. The hooks serve as organs 
of attachment to the tissues of the host, and, as mentioned above, 
are freely protrusible and capable of considerable lange of 
movement. A detailed account of these muscles together with 
those connected with the alimentary and reproductive systems 
is given by Spencer ( 88 , pp. 10-16, q, ??.). 

Nervous System. 

This consists of : — 

1. A large bilobed suboesophageal ganglion. 

2. A dorsal commissure. 

3. A series of paired nerves given off from the ganglion. 

The ganglion is large and veiy definitely bilobed. From it a 
dorsal commissure encircles the oesophagus shoitly before the 
entrance of the latter to the intestine. 

OTieire are nine pairs of nerves arising from the ganglion, of 
which the largest is a pair of cords stretching nearly to the 
posterior end of the body on either side of the mM-ventral line 
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and just anterior to the longitudinal muscles. The remaining 
pairs are distributed to the other organs of the body, but their 
actual cotirse is a little ditficult to make out. Stiles ( 20 ) and 
Spencer ( 88 ) have both given detailed accounts of its distribution, 
but their descriptions differ on minor points. This may be due 
to the fact that Spencer’s observations were made on Waddy- 
cephalue teretimGulm and Btilea’s on Porocephalua claveUm. 
I have examined sections of ArmiUifer moniliformiSi A, armiUcdus, 
and EaUlietieUa hotdengeru The preparations were not sufficiently 
good to show the exact course of the smaller nerves, but there is 
no doubt that the general plan of arrangement is the same in all 
these species. Harley ( 35 ) and Macalister ( 58 ) described a 
dorsal instead of a ventral ganglion, but this was evidently an 
error. Several authors have described the commissure as double : 
Spencer suggests that these observers were misled by the fact 
that the first pair of nerves are united for a portion of their 
course just anterior to the commissure, ‘thus giving it the 
appearance of a double nerve collar. 

Sense Organs. 

There is a pair of conspicuous sensory papillae on the aiitero- 
ventral surface of the head. ’Fhere are also a number of smaller 
papillae, called by Spencer (88) “ secondary papillae.’* 

The pair of primary sensory papillae is situated in front of the 
mouth and hooks, but tlieir position varies a little in different 
genera. Among tlie Sebekini these papillae lie at the extreme 
anterior border of the cephalothorax, frequently giving it a trun- 
cated appearance. In Porocephalus and in ArmiUifer they are 
closely approximated on the ventral side of the cephalothorax, 
and form a kind of bilobed structure immediately above and 
between the inner liook-pits. In Kiricephahts and Waddycephalua 
they fire .small, I’ounded projections .sepajated by a definite space 
and lying one immediately above each inner hook-pit. In Lin- 
guatulini they lie nearer to the anterior border of the head. In 
Raillietiella the relation is not easy to determine, but they 
probably correspond to the pair of conspicuous “antenniform 
papillfiB ” on the dorso-lateral aspect of the cephalothorax (text- 
% 3 ). 

The investigation of these papillae is often attended with 
difficulty because of the great individual variation : in some 
specimens the papillfiB are very conspicuous, while in others they 
can hardly be detected with a powerfqj lens, 

Stiles ( 90 ) and Spencer ( 88 ) describes seven pairs of secondary 
papillie. The latter classifies them as : — 

а. Three dorsal paira, 

б. Two lateml pairs, 
c. Two ventral pairs, 

numbered consecutively 2-8, tlie primary sensory papill® being 
regarded as the first pair. 
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On examination of a number of Linguatulids, I found that the 
seoondary papillsB also are often extremely difficult to detect ; they 
seem to be more conspicuous in W. teretiusculus (described by 
Spencer) than in most other members of the family(text-fig. 3, a, 
The arrangement of the dorsal and lateral papillae is not coastant 
throughout the family. In ArmUlifer and PorocephaWs there are 
two pairs along the anterior border of the head and sometimes 
sevei’al lateral pairs (text-fig. 3, «). In Kirwephcd/m^ I have been 
able in a few cases to make out a series of papilhe lying over the. 


Text-figure 3. 



Sensory papilla;. 

a. Waddyoeplialu9 (ventral). After Spencer. 

h, „ (dorsal). „ 

c. Linguatula (dorsal). 

d. „ (ventral). 

e. ArmUlifer and ForocephaJm (ventral). 

f Kirioephalus (ventral). 

hook-pits and on the lateral aspect of the cephalofchorax, but in 
many instances both those and the ventral papillae could not be 
seen. Probably the disappearance of papillae in this genus is 
correlated with the habit of burying its bead deeply in the Jung- 
wall of the host (text-fig. 3,/). In Raillietiellini and Hebekini 
secondary papillae have not so far been described, but this may 
be due to the usually small size of these parasites. The papilltc 
marked 7 and B in Spencer’s figure were found in almost every 
instance, the 7th a short way behind the outer hooks, the 8th a 



THE FAMILY LINGUATDLIHJE. 


123 


little posterior to the 7th and more median in position. They do 
not appear to bear any constant relation to the annulations. 

B^h primary papilla consists of a little globular mass of 
modided epidermal cells, supplied by a small nerve from the 
ganglion. These cells are elongated and stain more deeply than 
the surrounding cells of the epidermis, but in the species I have 
examine(f there is no hollow organ with projecting rods, as 
described by Stiles. 

Stiles was unable to detect sense organs in the secondary 
papillte of Porocephalua clavatm* Spencer, however, described 
and figured groups of sensory cells from some of the secondary 
papilla of Waddycephalua teretiuaculua ; he was unable to detect 
them in all the secondary papillie, but thought they were probably 
present in all cases. On examining some serial sections of 
Armillifev armiUaiua^ I discovered at the extreme anterior end 
a little group of sensory cells which corresponded to one of the 
secondary papillm on the antero-dorsal region of the cepbalo- 
thorax. These sensory cells could be traced on four consecutive 

Text-figure 4. 



Section through secondary sensory papilla. 

. a. Cuticle. c. Sensory cells. 

h. Epidermal cells. d. Nerve-fibres. 

sections, which also shovred the structure of the primary sensory 
papillae. These latter were towards the centre of the sections, 
and the small secondary papillae were situated laterally. The 
sensory cells of the secondary papilla resembled those of the 
primnry papilla; they were elongated and curved, and possessed 
distinct nuclei. The outer ends were in contact with the cuticle, 
but did not project through it ; the inn^r ends were in connection 
with a nerve whose aubsequenti course could not be traced (text- 
fig. 4). A careful examinatiom of the series of sections failed to 
reveal groups of sensory cells corresponding to the other secondary 
papillsB; but this is not remarkable, since the papillse are very 
small and the cells are not recognizable unless cut in longitudinal 
section. 

In addition to these sensory papillm, Stiles mentions a varying 
number of inconstant papillie” on the lateral edges of the 
flattened anterior end of the body of PorocepJMdua clavatua. 
These are in all probability not sensory, but possibly aid in 
locomotion (v. p, 133). 
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Repbodootive Obgaks. 

Thb female reproductive organs consist of an unpaired ovary, 
paired oviducts, paired spermatheciie, and a large uterus fre- 
quently spirally coiled and opening to the exterior on the ventral 
surface* 

male reproductive organs consist of paired or unpaired 
testes, and vesiculse seminales, paired vasa deferentia, and cirri, 
the latter enclosed in a muscular sheath. As a rule, ejaculatory 
ducts are present. 


Female Reproductive Organs, 

The ova/ry is unpaired and lies dorsal to the gut, extending 
from the anterior end of the intestine to the rectum. There is a 
central lumen, on either side of which the ova form a lateral 
projecting mass. In Armillifer grandis tlie ovary divides 
anteriorly into two branches, but this has not been noted else- 
where, though it probably occults in other species of Armillifer 
also *. 

The paired ovid^icts pass oft' from the anterior end of the ovtiry 
and encircle the intestine, opening below to the uterus. In the 
genus Raillietiella I have only been able to discover a single 
functional oviduct; sometimes on the right side, but usually on 
the left. A careful examination of sections, however, leads me 
to believe that the ducts are originally paired, but that only one 
1)ecomes functional, the other undergoing considerable degene- 
ration. In all other Linguatulids that I have examined the 
oviducts are paired. 

A pair of spermathecce are situated on either side, close to the 
entrance of the oviducts to the uterus, and communicate with 
the latter by a pair of short ducts. Usually the two sperinathecm 
are of equal si/.e, but in Kiriceplmlus pattonl this is not- the case. 
Patton and Gragg (71) figured the left spej-matbeca of this Lingua- 
tulid as larger than the right, while in two specimens that I have 
dissected the right is decidedly larger than the left. 

The uterus passes backwards from the oviducts, and in an adult 
is crowded with eggs in all stages of development. In Poro- 
cephalinas it is a relatively narrow duct considerably coiled, which 
may lie entirely ventral to the gut as in Annillifer^ or may twine 
around it as in Linguatu}a spp., where the gut is completely 
hidden by the coils. The terminal section of the uterus is 
straight and sometimes much dilated when full of embryos ; it 
narrows at the extreme posterior end just before its opening to 
the exterior. 

In EantlieiieUa spp. there is a much simpler and apparently 
more primitive arrangement. The narrow anterioj* end of the 
uterus opens into a long sac with a wide lumen, which extends 
Imckwards and forwards ventral to the gut* The posterior 

* V. Hsftber has recently made the same observation for Armillifer armillatue 
Wyman (84»p. 168 ). 
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portion reaches about three-quarters of the length of the intes- 
tine, where it ends blindly. The anterior portion gradually 
narrows, and eventually forms a duct, opening to the exterior just 
behind the second pair of hooks. 

The female genital aperture is median and ventral, and in all 
genera except RaillietieUa and HeigJiardia (where it is anterior) 
the opening is a short distance in fi'ont of the anus. The anus and 
female genital aperture may open to a common transverse pit or 
they may open separately. In the latter case the genital aperture 
is crescentic in shape, and may be found about ^ mm. in front of 
the anus Armillifer armillatus) or separated from it by a 

distance of severul segments (8 in Waddgcephalus teretiuscuhis). 
When there is a common pit, the uterus opens to it immediately 
in front of the anus. Sometimes in specimens wdiere the two 
apertures are separate but close together, contraction of the 
intestine takes place on death, and thus forms an artificial pit tb 
which both tubes open conjointly. In RaiUietiella and Reighardia, 
as before mentioned, the female genital aperture is anterior, 
being situated on the segment behind that which bears the 
second pair of hooks, in tlie same relative position as the male 
genital aperture. 

The whole course of the oviducts and the uterus is lined by thin 
cuticle. 


Male Reproductive Organs. 

The iesth is single in all species except those l^elonging to the 
genus JAt^guatula, where it is stated to be double. The lumen is 
somewhat irregular, and it has been suggested by Stiles ( 88 ) that 
the testi.s shows an incipient paired condition, evidenced by a pair 
of folds which project on opposite sides to the central lumen. 
Lohrraann (66) regards it as physiologically double, since it opens 
to the vesiculie semiuales by two orifices. In all cases the testis 
lies dorsal to the gut, stretching from near the anus to about the 
middle of the body. A nteriorly the testis opens to a paired or 
unpaired vesicula seminalis. The shape and position of the 
vesicula seminalis vary a little. In most Porocephalinae it is 
single at its commencement, and then divides into two branches 
which run forwards and downwards, alongside the intestine. In 
Maillietiella the vesicula seminalis appears to be single, and lies 
entirely dorsal to the gut. 

The vesiculce sem inales 0|>en anteriorly to the paired vasa 
deferentia, and at the point of junction are given off ejaculatory 
ducts which vary in length and extend backwards alongside the 
intestine. 

The vasa deferentia are ventral in position and run forwards 
to the middle line, where they unite to form a small median 
chamber. Communicating with the vasa deferentia in this region 
are three sacs on each side : — 

1. Cirrus btdbf which represents an outpushing of the wall of 
the vas deferens. 
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2« Muscular hulh or dUator rod aac^ a very muscular organ 
containing a chitinous rod, which forms part of the cbpulatory 
apparatus, but whose function is uncertain. It was originally 
described as a “ dilator-rod,” owing to its supposed activity in 
dilating the female genital aperture, but later writers have 
regarded it as a means of retracting the penis after coition. The 
muscular bulb is also formed as an outgrowth of the wall of 
the vas deferens. 

3. Cin^ua aac^ which constitutes an outpushing of the wall of 
the median chamber and contains the coiled cirrus. 

The paired cirri are in most cases long and coiled, the length 
being necessitated by the position of the female genital aperture, 
which is far removed from the spermatkecse. In Raillietiella, 
however, where the female genital aperture is anterior and close 
to the spermathecw, the male copulatory apparatus is somewhat 
modified ; the cirrus is relatively much shorter and the cirrus sac 
smaller (37). 

The male genital aperture is in all cases anterior, opening in 
the mid-ventral line behind the second pair of hooks. The aper- 
ture is usually guarded by three papillae — two lateral and one 
an tenor. 

The ejaculatory ducts, vas deferentia, and copulatory apparatus 
are lined with cuticle, which becomes enormously thick near the 
genital aperture. 


FERTILISATION. 

As pointed out by several authors, impregnation takes place at 
an early period while the uterus of the female is still a more or 
less straight tube. At the time of metamorphosis male and 
female individuals are of approximately the same size, and coition 
must take place long before the female has attained full dimen- 
sions. (Of, 78, Dr. Sambon's illustration of ArinUlifer 
armillatua, male and female in coitu,” where the male individual 
is roughly | the length of the female, whereas the full-grown 
male of this species is only ^ the length of the full-growm female.) 
In this connection it is noteworthy that in several cases where I 
have found free larvae emerging from their cysts these individuals 
have almost invariably been males, although there were many 
female specimens in the cysts. 

According to Lohrmann (66) both cirrus threads are thrust 
into the vagina and inserted into the spermathecae, where the 
sperms are deposited. The spermathecae communicate with the 
uterus by a pair of short ducts, opening just below the entrance 
of the oviducts. As the egp pass down through the oviducts 
from the ovary they are fertilized at the entrance to the uterus. 
In the uterus they undergo the first staps of development, and 
give rise to the characteristic embryo with boring appaiutus and 
MflwAd limb«= 

After fertilization the female continues to grow, and in some 
Linguatulids the growth is so considerable that doubt has been 



THE FAMILY MNOUATULID^. 127 

thrown on the identity of young and fully-grown individuals of 
the same species. 

LIFE-HISTOEY. 

In the majority of cases the life-history involves two hosts — an 
intermediate host which may be a fish or a mammal, and a final 
host which is usually, but not invariably, a reptile. In Lingua- 
tula spp. the final host is a mammal, in Reighardia a bird, while 
a mature species of Raillietiella has recently been described from 
the lung of an Amphibian (81). 

The adult individuals are found chiefly in the lungs and air- 
passnges of their host, though they may occur in the body-cavity 
or aliiiiftutfiry canal. In those Lingua tulids whose life-history 
has been observed, it would appeal* that the eggs pass from the 
lungs by way of tlie mouth to the alimentary canal, and thence' 
to the ext(?rior with the fapces. They are then taken up into the 
alimentaiy canal of the intermetliate host. But it seems possible 
that the whole life-history is sometimes carried out in one host, 
the embryos passing from the lungs of the host to the alimentary 
canal, and from thence by the b]oo«l-stream to difierent organs of 
the body. When the adult parasite is situated in the lung of the 
host, eggs are shed to the lung caviiy from the uterus of the 
parent, and in some cases remain in the lining network. 
Examination of the lung of a snake containing adult female 
Linguatulids will frequently reveal a liumber of eggs situated on 
tlie inner wall. Those eggs pass from the lungs to the exterior 
through the alimentary canal ; they are voided with the fceces, 
scattered over the vegetation or into the water, and in this way 
are taken into the alimentary canal of the intermediate host 
along with the food. 

The fact that entrance to the intermediate host takes place in 
this way has been clearly demonstrated by experiment. Several 
types of Linguatulid eggs have been used, and, when fed to 
appropriate hosts, they developed into larvae which, on the death 
of the host, were foun<l encystc<l in various organs of the body. 

(а) Leuckart (63) fed eggs of lAnguatula serrata successfully 
to rabbits and a goat. 

(б) Gurlt also fed eggs of the same specios to a goat (mentioned 
by leuckart). 

(c) Stiles (90) fed eggs of Porocephalus clavatus 

i. Successfully to mice. 

ii. Unsuccessfully to a dog, guinea^^pig, mbbit, and dove. 

(d) Brodin and Rodhain (14) fed eggs of ArmiUifer armil- 
latm 

i. Successfully to Maoacus, rats, and a young wild cat. 

ii. Unsuccessfully to two rats, a cock, a duck, and a jackal. 

(e) Neumann (86) found encysted larvse of A. armillaius in 
two young dogs which had taken their food in a yard where a 
post-mortem examination had been made of two pythons 
containing adult specimens of ArmilUfer* 
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In Egypt and Africa, whei^ larval A, armiUatus have been 
found parasitic in natives, it has been suggested that infection 
was due to the eating of snake's flesh ; but that is unlikely, as it 
does not appear to be a common custom, and certainly most of the 
other intermediate hosts of A, armiUatus do not eat the flesh of 
the final hosts, though infection may occasionally take place in 
that way. 

Unlike the adult parasites, the larvae of Porocephalu>Si 
ArmiUifei'i lAngvMula, etc., seem to have little selective instinct 
as regards particular mammals, but are found in a great variety 
of Mammalian hosts. In species like A, armillaim^ for example, 
the list of intermediate hosts includes representatives of five 
different orders of Mammals, the greater proportion being 
Primates or Carnivores. The number of final hosts is much 
more restricted, and possibly has something to do with the 
relative size of parasite and host. 

Therefore we may assume that for most Linguatulidse there are 
normally two hosts : (a) an intermediate host — a mammal or 
fish ; {h) a final host — a mammal, reptile, or bird. 

probably, however, the whole life-cycle can in some cases be 
carried out in one host : — 

1. Stiles (90) found in the lung-tissue of a Boa constrictor 
containing adult male and female Pcn’ocephalus clavatus little 
groups of one to ten eggs with embryos, each group enclosed in a 
capsule. (This is the only recorded instance of eggs enclosed in 
a common cyst.) He also found cysts with “ small Pei tastomids 
in the same position, the inference being that the “ small Penta- 
stomids” had developed in situ. It is difficult to imagine that 
the eggs were shed to the lung-cavity and developed there without 
any further migration, because in that case there w’^ould be no 
opportunity for the removal of the egg-envelopes by the gastric 
juice of the host. Probably the larv® in the cysts had developed 
from embryos which had made their way to the stomach, lost 
their outer covering, and been carried back to tlie lungs by the 
blood or lymph streams. There are two other recorded instances 
of larvsB in the lung-tissues of the definitive host (Jacquart (47) 
and Wheeler (90 a)). 

2. Chatin (23) mentions the finding of encysted specimens of 
what he believed to be Sehekia oxyoephala in the liver of Alligator 
mississipiensis^ which is one of the final hosts for this Linguatulid. 

3. Origmal Obaerroitiom ; — 

(«) On examining some specimens of Australian Black Mnake 
{Hophcephalus superbus) given to me by Dr. E. A. Eraser, I found 
a number of small cysts embedded in the outer wall of the lung 
and apparently containing young Linguatulids ; there were adult 
specimens of WaddyeephaJm teretiuscuVus present in the lungs 
and body-cavity. In these cases the embryos probably reached 
the alimentary canal, and were carried back to the lungs by the 
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blood-stream. This is the more likely since in the black snake 
the cysts were all found on the outer wall of the lung. 

(h) From the body -cavity of a Lachesis lanceolatus which died 
in the Zoological Society's Gardens, I obtained cysts with one 
immature female and two immature male Linguatulids (probably 


(c) I have recently examined the following specimens in the 
collection of the Indian Museum, Calcutta : — 


i. Encysted larvae (apparently of Kiricepkalus p<Utoni) 

from the mesentery of the Bat-Snake, Zammis 
mucostis^ which is a final host for this parasite. 

ii. An encysted larva of RaiUietiella arientalis from the 

body-cavity of Naia tripudians (the final host of 
R, orientalis). 


Apparently therefore, though the life-histoi-y normally involves 
the presence of two hosts, it may in some instances be carried 
out in one. 


Migration of Embryos, 

When the embryos, still enclosed in the egg- envelope, reach 
the alimentary canal of the intermediate host, the outer coverings 
are dissolved by the action of the digestive juices and the 
embryos set free. By means of a boring apparatus and clawed 
limbs, the enjbryo pierces the gut-wall and is carried by the 
blood- or lymph -stream to some organ of the body, where it 
l:>ecomes encysted and undergoes a series of larval eedyses, finally 
emerging from the cyst when larval development is complete. 
The actual migration has never been observed, and it has been 
suggested by two authors (Schaeffer (79) and I^ooss (57)) that two 
migrations take place, one at a very early stage, one later. 
Schaeffer bases his argument on the fact that larv® are frequently 
found encysted in the serosa of the gut-wall, not in the mucosa. 
He suggests that the embryos make their way to this point and 
there become encysted, thus preventing perforation of the gut, 
and that later they migrate to other organs. Objections to this 
theory are that 

(1) There is no evidence of a second migmtion. 

(2) Larv £0 are found in all stages of development both in the 
intestinal wall and in the other organs of the body. If they 
migrated first to the intestinal wall and later to the other organs, 
early stages would occur in the former locality and advanced 
stages in the latter. But this is not the case ; larvae in all stages 
are found in all the organs of the body, 

(3) Where free larvss are found they are fully formed : — 

I, Experimental Infection, 

(a) In Leuckart’s rabbits the larvae remained encysted till 
about 7 or 8 months after the eggs had been introduced into the 
Pboc. Zool. Soo,— 1924, Ko. IX, 9 
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alimentavy canal of the hoste. They then became free in the 
thoracic and alidominal cavities, causing severe lesions and extra- 
vasation of blood. 

(6) In Stiles's mice the last animal died 18;} weeks after 
infection. All the viscera were riddled with cysts ; a few larvie 
had emerged and were free in the body-cavity. 

In both (a) and (6) the free larvfe had reached their full 
development. 

II. Natural Infection, 

1. Recorded Cases, 

In about 80 recorded cases of the occurrence of Linguatulid 
larvie in Mammals they were found 10 times free in tlie abdominal 
cavity. In the few cases where a descriptiori is given they are 
evidently fully developed. 

2. Original Observations, 

In 15 findings of Linguatulid larvse they were free in the body- 
cavity 5 times, and in. each case they were fully formed. 

Further, the position of larva) in the intermediate host leaves 
little room for doubt that the embryos aie tran.s 2 >orted by the 
blood- or lymph-streams to the organ in whicli they develop : — 

1 . Position of larvce in cases of experimental infection, 

(a) Leuckart ( 53 ) fed eggs to rabbits, and after 8 weeks found 
small nodules in liver and lungs containing young larva) about 
1 mm. long. 

(5) Stiles ( 90 ) fed a mouse with eggs of Porocephalus clavatus. 
It died after 32 days, and larva) were found (about the same stage 
as those of Leuckart after 8 weeks) in liver, lungs, kidneys, and 
peritoneum. 

(c) Brodin and Rodhain ( 14 ) fed a young wild cat with eggs of 
ArmiUifer armillatus. It died after 21 days, and small granules 
were found in the liver consisting of “more or less modified 
eggs,” in some cases one or two hooks being recognizable. 

2. Position of larvae in cases of natural infection, 

1 . Recorded Instances. 

{a) Neumann (66) found a young liirva in a liepatic vein. It 
was at an early stage of development, since the hooks were 
scarcely indicated. 

(5) In about 80 recorded cases of the finding of larval Poroce- 
phalinae they occur 40 times in the liver, 30 times in the 
mesentery, 14 times in the wall of the intestine, 9 times in the 
lung-wall, 9 times in the peritoneum, 7 times in the mesenterial 
glands, 6 times in the spleen, once in the kidneys, once in the 
btain-eavity, 4 times free in the intestine, 10 times free in the 
body-cavity. 
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2, Orighud Observaiiovs. 

In 16 cases which 1 have observetl, the larvfie occuiTed 6 times 
in the liver, 6 times in the mesenteiy, 4 times in the wall of the 
intestine, twice in the lung- wall, once in the mesenterial glands, 
5 times free in the body-cavit}^ once in the kidney. 

Thus it will be seen that the cysts are found most often in the 
liver, but very frequently in the mesentery and les-s often in the 
walls of the alimentary cnnah The presence of a larva in the 
hepatic vein suggests that they are carried by the portal vein to 
the liver and mesentery (where they occur in largest numbers), 
and may occasionally pass from the liver through the hepatic 
veins to other organs. Also their presence in mesenterial glands 
supports the idea of their transportation by the lymph canals. 
Borne may remain in the wall of the intestine and become 
encysted there. But, though the above methods of migration 
are probably the most usual ones, the larvae may occasionally 
make their way to the abdominal cavity direct through the 
intestinal wall. Some few also remain in the lumen of the 
intestine (there are 4 or 6 recorded instances), but this is not of 
common occurrence. 

In many of the observed and recorded cases of Linguatulid 
infection death was not due, directly at all events, to the action 
of the parasites. Where it could be definitely attributed to this 
cause, death occurred either at a very early stage of the 
infection, or at a late stage when the larvsp were fully developed 
or nearly so. 

The first eventuality is the less usual — it occurs chiefly in cases 
experimentally infected, where no doubt the infection was 
abnormally severe and death was probably brought about by the 
migration of the embiyos, 1 have founcl one naturally infected 
case of this kind in a gecko where the liver was riddled with 
small white granules which 1 believe to be due to Linguatulid 
embryos. There was considerable extravasation of blood in the 
liver tissue, and the infection must have been extremely heav3\ 

In most of the cases where death is directly attributable to the 
parasites, the latter are full-grown larvfe or nearly so. Death 
results from various causes according to the location of the larvje 
— pneumonia, peritonitis, etc., and, in cases where thelarvw have 
begun to emerge, senous lesions ensue. But before death actually 
occurs, the Mammalian host must be in an enfeebled condition 
and likely to fall an easy prey to its enemies. If only a few 
parasites are present, and death to the host does not result, the 
larvae become encysted again and die. This occurred in some of 
Leuckart’s experiments, and would account for the occasional 
finding of cysts in mammals containing calcified remains of 
Linguatulids. 

Umal MMod of Entrance to the Final Host, 

The larvae are taken into the mouth of the finatl host, along 
with the flesh of the intermediate host in which they occur. 

9» 
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ExperimerUal evideme^—BToiMn and Rodhain (14) fed larvie of 
AnwOliftr armillatus to a Causua rhomhewtus which was killed 70 
days after infection. Four half-grown specimens of ArmiUiftr 
were found in the lung. 

Stiles (90) fed larvm of Poroeephaliis clavaius to Tro^MonoUia 
TkjOtrix and Pelias berm (not natural hosts). The cxperitiient was 
unsuccessful — L e,, the parasites did not become mature, but the 
larvie were found in the body-cavity. 

These two experiments give proof that the final host cmt be 
infected in this manner, and it is probably the normal method, 
since many of the intermediate hosts are known to be the prey 
of the final hosts. 

Free larvae could make their way at once from the mouth-cnvity 
into the respiratory passages of the snake, but, wlieie the larva 
is still encysted, it must pass to the stomach before it can be 
released from its outer coverings. In the latter case the future 
history of the larvje is a matter for conjecture. Stiles (90) 
maintains that they bore their way through the gut into the 
abdominal cavity, and then through the lung-wall into the lung- 
cavity. This may be so, but there is no direct evidence as to the 
latter part of the hypothesis. In Stilcs\s own experiment the 
larvae certainly found their way into the body-cavity, presumably 
through the gut- wall, and there are many instances of the finding 
of adult Linguatulids in the body-cavity of snakes, usually 
attached by their hooks to the intestine. But there is nothing 
to show that they can make their wny from this p isition to the 
lung*. Further, though more fretpiently found in the air- 
passages, they are not confined to that region of the bod}, both 
immature and full-grown specimens having been found in the 
abdominal cavity. 


Metamorphosis, 

When fully developed the larva emerges from the cyst. It 
then possesses an annulated body, anterior mouth, and two pairs 
of double hooks. The secretory, alimentary, nervous, and repro- 
ductive systems are developed, and differ from those of the adult 
in little but siise. The difference of relative positipri of male and 
female genital apertures is clearly visible. The posterior border 
of each ring projects, and is provided with a row of cbitinous 
structures, forming merely a denticulated edge as in Pentastomum 
gradle Diesing, or a regular circle of small spines as in P<yro- 
eephalm kachugenais Shipley. 

On transference to the final host, a further eedysis takes place, 
and the animal assumes adult characters. The double hooks are 
thrown off and replaced by others which are generally single, but 

^ Stiles found an adult female specimen of Porocephalus clavatu$ in the tody- 
cavity of Boa eanstricior, and close to it a hole in the lung-wall, but this hole had 
apparently served the parasite as a mode of from the lung, which contained 
32 specimens of the same species of Linguatulid. 
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may have an accessory spine. The rings then lose their spiny 
border. Further development consists mainly in increase in size. 

In the final host, female specimens as a rule preponderate over 
the males. Whether embryos of both sexes are produced in 
equal quantities is hard to say. Leuckart (63) maintained that 
this was the case, and attributed the lesser number of adult 
males in Z. serrata to their smaller size, which would facilitate 
their expulsion from the nasal cavities of their host by means of 
sneezing. But this explanation would not hold good for Reptilian 
hosts. Examination of larvaj in the intermediate host leads me 
to believe that male and female indivi<iuals are produced in 
approximately equal numbers. In the fully-formed larva, males 
and females are at first equal in size, but the latter subsequently 
grow at a much more rapid rate. The males are ultimately about 
i to ^ the size of the females. They are much more active, and 
therefore possibly more easily dislodged by the host. In both 
sexes the parasites are anchored to the tissue of their host by 
means of the hooks, but as a rule, at a later stage, the female 
becomes more firmly attached, the cephalothorax being sunk to a 
greater or lesser extent in a cavity hollowed out in the lung-wall, 
and in a few cases (e.g,^ Armillifer annulatus and Kiricephalus 
pattom) even projecting right through the lung-wall into the 
body-cavity. Males, however, are never found in a similar 
situation. 

The number of rings in the adult Lingua tulid is sometimes less 
than that in the larva, owing to the obliteration of annuli, 
especially in the tail region. They can usually be counted with 
accuracy in the adult male, but are difficult to make out in many 
females owing to the distension of the body by the embryos. 

Method of Locomotion, 

As above mentioned, both female and male individuals are 
attached to the tissues of their host by means of the two pairs of 
retractile hooks. In the early stages of the post- larval, free-living 
period they move actively by worm-like contractions and expan- 
sions of the body, these creeping movements being facilitated by 
the temporary anchorage afforded by the hooks and by the 
flattened ventral surface of the body. This flattening of the 
ventral surface (especially towards the anterior end) is found in 
the males and usually also in the young females of nearly all 
species. As a further aid to locomotion there are frequently 
present papillte and tooth-like projections on the ventral surface. 
Of this nature are the “ inconstant papillee described by Stiles 
(90) in Porocephalus clavcUus^ “scutes’* seen on the male of 
ArmUlifcr armillatm by Dr. Sam bon (78), and the denticles 
observed projecting from the angles of the rings of the male in 
ArmiUifer ino7iiUformi8 by Ileymons (41). The appendages are 
on the whole more marked in the latter case than in any other 
species that I have examined. In HaiUutieUa spp. (both male 
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and female) there is a row of papillas on each side of the bodj at 
the edge of the flattened area ; in each row the papillae occur 
alternately on the annularand inter-annular regions (text-fig. 5,d). 
In the adult female the body usually becomes cylindrical owing 
to the distension of the uterus ; a period of comparative 
inactivity supervenes, during which time the parasite remains 
firmly anchored by means of the hooks, and tlie cephalothorax 
may be partially embedded in the lung-wall of the host. 

Family LiNGUATULiDiE. 

Subfamily RAiLi.iETiELLiNiE Sambon. 

Genus Raillietiella Sambon. 

This genus was established by Dr. Sambon in 1910, to include 
a new species of Linguatulid found by Yaney and Sambon in the 
peritoneal cavity of Bitis gcihonica and the trachea of Biiia 
arietans. Three years later three specimens belonging to the 
same species from the body-cavity of Zamenis ravigieri were 
given to me by Dr. Pixell-Goodrich, and I was able to study 
their anatomy in detail. The generative organs on the whole are 
of a simpler structure tlrui those of Poroceplialinic ; in the male 
the vasicula seminalis is unpaired ; in the female there is a single 
functional oviduct, usually on the left side, though occasionally 
it IS found on the right ; apparently a pair of oviducts are laid 
down ill the embryo, since traces of the second can usually be 
seen in sections. The uterus is not coiled, but thin-walled and 
capable of groat distension, occupying the greater part of the 
body-cavity when filled with developing ova. The vagina opens 
anteriorly in the corrospondlng position to that of the male 
genital aperture. 

Raillieiiella boulbngeri Yaney & Sambon, 1910. 

The female specimens examined by me were of the same 
average length as those of Dr. Sambon, but a few were con- 


Text-figuve 5. 



a, Posterior end of Raillietiella mediterranean X 9. 
h, „ i, R. orientaliSn X 9. 

c, ,, „ R. boulengerif X 9. 

d. Flattened ventral suiface of young $ R. mediterranean X 9. 

siderably longer, one reaching a length of 60 mm. The male 
specimens were 10 mm. in length, and in both male aud female 
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the average number of rings was 30*40. The lobes of the tei* 
minal segment are pointed and sharply carved (text-fig. 5, c). 


Additional hosts : — 

Bitis nasicornis, 
Fsammophis sihilans. 

Sepedon hcetnachates. 


Specimens obtained from snakes 
dying in the Zoological Society's 
Gardens. 

Oxford Museum. 


Raillixiiella furcoobboa Diesing. 

Lenckart (53) points out that the original description given by 
Diesing (22, 23) was apparently based on immature forms, A 
further consideration of Diesing's remarks on the species makes 
this almost a certainty : — 

1. Position of the parasite . — Some were found in the abdo- 
minal cavity and mesentery of their hosts, whereas mature forms 
more usually occur in the air-passages. It is also noteworthy 
that some of the specimens were taken from Amphisboena alha^ 
while the others occurred in snakes. Possibly those from 
Amphiahasna were of a different species to the rest, since it is 
unusual to find the same species occurring both in Ophidia and 
Lacertilia. 

2. Diesing remarked that both sexes were of the same size ; 
this statement is obviously erroneous if it refers to fully-grown 
specimens; if there were actually male and female specimens 
present of approximately the same size, they must have been 
immature. 

3. Leuckart further states that in Diesings specimens the 
hooks were geminate. This is not known to occur in the adults of 
any other species of liaillkiieUa^ but geminate hooks are of fre- 
cjuent occurrence in the immature forms of many Linguntulids ; 
and it is quite possible that, when further observations have been 
made on the young forms of other species of this genus, the 
presence of geminate hooks in the early stages will be found to be 
a constant feature. 


Original Observations, 

I have examined various specimens of Raillietiella (all mature 
females) taken from the lungs of Boa imperatin' and Coluber 
melanoleucua^ and have little doubt that they all belong to 
Diesing's species. The average length is 40 mm., and one 
specimen reaches a length of 60 mm. The rings are in most 
cases obliterated, but in three individuals they can he counted, 
and number 26, 33, and 38 respectively. (Shipley (86) says that 
Diesing's specimens in the Vienna Museum have about 40.") 
The loi^s of the terminal segment are acuminate, but less curved 
than in if. hoadengeri and R, orientaUs (text-fig. 6). Therefore 
the only points of difference between ray specimens and those 
described Diesing are : — 

1. Jjsngth of fsimis — given by Dieeiilg as 9*13 lines («»19- 
27 mm*), whereas my specimeu measured 40-60 mm. 
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2. Hooks — in Diesing's specimens said to be geminate, in mine 
single. These two differences are easily accounted for on the 
supposition that Diesing’s specimens were immature. 

Hosts : — 

Boa ctmstrictor^ Zamenis constrictor^ Spilotes sp., Colu^r 
melanoleucus^ lungs ; Boa imptrator, lungs and body-cavity 
(new host) ; Anvphishmna alba (?). 

Sir A. Shipley (86) mentions specimens of liailUetiella found 
in the lungs of Varanibs e.vanthenuiticus ocellatus, together with 


Text-figure 6. 



JtailUetiellafureocerca Diesing. 
a. Adult ? , X 3. b, Cephalothomx of ? , X 9. 
c. Posterior end of ? , X 9. 

(?) Samhonia lohrmanni (second finding). Tliere were two 
parasites, length 21'5 and 9 mm. respectively. The rings could 
not be count^, but were apparently about 40. It is possible that 
these are small specimens of R, boulengeri^ but more probably 
they belong to a new species allied to E, geckonis, 

N.B. — Since I wrote the above, Dr. Giglioli (32) has described 
specimens of RaiUietullairom Amphisbmia alba which he believes 
to belong to the species furcocerca^ but his description gives colour 
to my suggestion of the separate identity of the specimens from 
this host. 

The general characters whicli he mentions are common to 
several other species of MailUetieUa — e. g., R. bonlengeri^ JK, orien- 
talis, E, medUerra^mis, etc. ; but there are two points which call 
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for attention, riz. : (1) presence of two small papillie above the 
ora] shield ; (2) size, viz. ; length 26 mm., breadth 1 mm. 

(1) I have found two small papillse in a similar position in 
some examples of R boulengeri^ but they are not as a rule very 
marked ; the prominence of these papillse may well be a specific 
character peculiar to these parasites from Amphishcena, 

(2) Dr. Giglioli*s specimens were apparently mature, but they 
measure considerably less than those which I have obtained from 
Boa imperator and Coluber rnelanoleucm^ and correspond with the 
length given by Diesing. As mentioned al>ove, the specimens 
described by Diesing were almost certainly immature, and 
therefore the length given by him will be less than that of the 
adult parasite. It is, however, quite possible that Diesing asso- 
ciated two species under the same name, viz.: — {a) One from 
Amphishoiiia alba ; length of adult female 22-26 mm. (as further 
described by Dr. Giglioli). (b) One from the other hosts men- 
tioned; length of larva 22-26 mm., length of adult female 
40-60 mm. (as described above by me). 

I therefore suggest that the name Baillietiella furcocerca should 
be retained for the larger species and that the species from 
Amphisbcena alba should be renamed /?. giglioliiy n. sp. 

Railliktiella gbckonis (Dujardin) Diesiiig. 

I have obtained one specimen from the lung of Gecko verti- 
cillattis and other specimens from the lung of llemidactyhis 
flaviviridis Riippell (new host). 

Text-figure 7. 



BaillUtiella indiea Gedoelst, 9 , X SO. 

Raxllietiella indica Gedoelst. (Text- fig. 7.) 

After a careful examination of the type*specimen in the Indian 
Museum, Osloatta, I am inclined to think that it is an immature 
female. This species differs from most other members of the 
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genus in the shape of the cephalothorax. The mouth does not 
open at the extreme anterior end, but slightly behind it on the 
ventral side ; the dorsal papillse project from the anterior border 
of the cephalothomx, giving it a truncated appearance, as noted 
by Gedoelst(31). 

Raillietiella medtterranea Hett. (Text-fig. 8.) 

The body is dark in colour and slender. Length of female 
20-35 mni. Length of male 10-15 mm. Number of rings in 
both sexes 40-50. The posterior bifurcation is not so marked as 


Text-figure 8. 



liaiUiidieU-a mediterrmiea Ilott. 
a. V, X 3. h. X9. 

in some other species of JtlaillietieXla\ the small posterior pro- 
tuberances are blunt and roumled instead of flattened, curved, 
and pointed (text-fig, 5, a). 

Host of adult: — Zamenis gemonensis, lungs and body-cavity. 
RaiUJETIELLA ORIKNTALIS Hett. 

Average length of female 34-37 mm., largest specimen 46 mm. 
Length of males 7--ll’5 mm., avenige length 10 mm. Number 
of rings in both sexes (text-fig. 5, h) 40 or more. 

This species differs from li, furcocerca Lies, as follows: — 

1. Body is relatively shorter and more slender. 

2. Rings more numerous. 

3. Habitat ; Oriental region. 

Hosts of adult : — 

Zamenis mucosus, lungs. 

Haia tripudians^ lungs and trachea. 

Hostofhrva : — 

Zamenis mucosus, on Intestine. 
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Kaillibtiella spiralis, n. sp. (Text-fig, 9.) 

In the adult female the posterior part of the body is spirally 
coiled. It is more or less cylindrical, tapering slightly towards 
the posterior end, but with a narrow, flattened area on each side 
of the abdomen. There is a slight narrowing of the body between 
the cephalothorax and abdomen. Length about 20 mm. ; width 
of cephalothorax L5 mm. The length given here is only approxi- 

Text- figure 9. 


b 


d 


c 

UaillietUlla ipiralitf n. sp. 

a. $ , X 6. ft. , X 6. c. Anterior end of ? , X circ. 12. 
d. Posterior end of X circ. 12. 

mate, as the body is closely coiled and therefore difficult to 
measure accurately, especially as there has probably been some 
shiinkage. For the same reason the rings could not be counted 
with certainty, but there seemed to be about 60. 

In the male the body is curved but not coiled ; like the female, 
it is cylindrical, with lateral fla.ttened areas, but the cephalothorax 
is relatively much smaller, lieing only about half the width of the 
anterior end of the abdomen. Leni^th Id mm., rings 60-70. 

In both sexes the mouldi lies «t the extreme anterior end ; the 
armature is thimble-shaped. The hooks are single and sharply 
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curved. The dorsal papillsB are conspicuous. The posterior end 
is bifid, but the projections on either side of the anus are even 
less marked than in R, medUerrcmea, 

This species resembles lAnguatvla spp. in the possession of a 
bilobed terminal segment and of lateral flattened areas, but here 
the flattened area is much less marked. It differs from species of 
Linguatula in almost every other particular, whereas it possesses 
the main distinguishing features of the genus BaiUietiella, viz.: 
anterior position of the female genital pore, trapezoidal arrange- 
ment of the hooks, terminal mouth, and fleshy protuberances 
round the hooks (for further details, v. 40). 

Host of adult : — Ccdopeliis moiispessulmia^ lungs ; Palestine. 

Subfamily PoROCEPHALiNiE. 

Section Seukkini Sambon. 

Genus Alofia Sambon. 

Alofia indioa V. Linstow. (Text-fig. 10.) 

Synonym : Porocephalus htdicus v. Linsto^v. 

Description," females found. Young specimens 20 mm. 
long, 2 mm. broad. Anterior end of the body thin, then thickened 
and spindle-shaped ; behind this again it contracts to form a 
neck *79 mm. in diam. The older animals were 24 mm, long, 
5 mm. in diameter. Kings on the ventral side at intervals of 

Text-figure 10. 



indica v. Linstow, , X 2. 

*44 mm.; lateral edges of rings have posteriorly finger-shaped 
prolongations, becoming progressively smaller towards the pos- 
terior end. Vagina in front of anus. Uterus convoluted. Eggs 
average *052 mm. x *044 mm. (Abridged from v, Linstow, 66.) 

This species was discovered in the lungs and trachea of the 
gbarial. I have examined the type-specimens in the Indian 
Museum, Calcutta, and add the following particulars : — 
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There was one whole mature female specimen and a number of 
smaller individuals, apparently immature females; also several 
broken specimens. 

The body was cylindrical but slightly flattened; of approxi- 
mately the same diameter throughout except at the extreme 
posterior end, which was tapering, pointed, and sharply incurved. 
The mouth was rather large, lying midway between the two pairs 
of hooks, which are in trapezoidal formation. The hooks were 
single and sharply curved ; as far as I could determine they were 
smooth. The lings were clearly visible the whole way round the 
l)ody ; they were numerous and very difficult to count, but there 
seemed to be about 60. 

The “ neck ’’ described by v. Lin stow in the immature indi- 
viduals does not appear to be a constant feature, as some of the 
young specimens showed no tnice of constriction behind the 
cephalothorax. 

This species resembles tlie figure given by Dr. Sambon of 
Alqfia ghvcB (78), but difters from it in the presence of a pointed, 
incurved posterior extremity. Alofiaindica is also considerably 
larger than A. gime. 

Host of adult ; —Gavialls ga'ngeticus, lungs and trachea. 


Section PonocEPiiAUNi. 

Genus Porocephalus Humboldt. 

PouocEPHALus CROTALi Humboldt. 

Owing to lack of material there has been some confusion among 
previous writers in the desciiption of this species. It was first 
described in 1808 by Humboldt (46), who obtained specimens 
from Crotalus cumanensia ( = (7. Laur.). He regarded 

it originally as an Echinorhyiichua^ then as a Distoma, but later 
(44) assigned it to a new genus and species — Porocephalus a'otali 
(1811). It was described as Distoma crotali dunssi by Rudolphi 
(1809) (75), redescribed as Polystoma prohoscideum by that author 
in 1812, and finally renamed by him Pentastoma prohoscideum 
(78). Apparently Humboldt adopted this last nomenclature in 
the 2nd and 3rd editions of ‘Ansichten d. Natur* (1826 and 
1849). 

Diesing (1835 and 1850) described (28 & 23) several allied 
species under the one name Pentmtomum prohosddenm Rudolphi, 
including one which does not appear to occur in rattlesnakes but 
is peculiar to boas, and another found only in Lachesis spp. His 
example was followed by Dujardin (1844) (25), Leuckart (1860) 
(53), and Leidy (1884) (62). Shipley (1898) (84) restored the 
name Porocephalus crotali Humboldt (priority of the specific 
name having been previously pointed out by Bell in 1880 (3)), 
and gave a new figure of the species from Croialus. In 1912 
Dr. Sambon (77) maintained that four species had been con- 
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founded under the one name, and he proposed to .retain the 
appellation Pmrocephalus crotali for the one obtained from the 
rattlesnake. This species he described as having 80 rings, the 
number having been stated as such by Diesing (22, 23) in his 
description of Pentmtomum subcplindneitm^ which is the immature 
stage of Porocephalua crotali, Diesiiig described a number of 
immature forms under this heading; his figures show a varying 
number of rings, and in certain eases some of these look more 
like wrinkles than true annulations. One immature specimen 
figured from Tupirmmha teguldn has only 44 rings, and has been 
regarded by Dr. Sambon as a new species — P, wardi (later 
referred to genus Sambonia), Leuckart, who examined about 


Text-figure 11. 





d 


< 1 . ?, X3. e. (?, X3. 

b, Cephalothorajf of X 6. d. Cephalothorax of (J, X 10. 


85 specimens of Pentastomum aiibcylindricum from the viscera of 
Didelphya philandtr (sent him by Diesing), states definitely (53) 
that Diesing was in error when he gave the number of rings as 
80. According to Leuckart they resembled Pentaatoma prohoa- 
cideum — L e., they possessed “ about 40 rings.” It is quite likely 
that the immature forms examined by Leuckart belonged to the 
species P. davattis Sambon, the adult form of which occurs in 
boas ; but in any case, unless there is some further description in 
the 2nd and 3rd editions of Humboldt's ‘Ansichten d. Katur,' 
which I have been unable to obtain, the only clear evidence for 
the existence of a species in the rattlesnake with 80 rings is 
Diesing's statement with regard to the larval form. 


THE FAMILY LINGtTATULID.E. 


143 


Against this statement are the following facts : — 

1. In the original description given by Hnii)l)oldt the number 
of rings is not mentioned, but the figure published by him in 
1811 ( 44 ) shows about 29 or 30. Figures of that date are often 
inaccurate with regard to such matters of detail, but a dra>i^ing 
which represents only half the actual number of annulations is 
rather unusual. 

2. I have examined specimens from Crotalua adamevnieua^ 
C. atrox, and C, horrklua, and found that in each case the females 
had 30-35 rings, the males 32-34. This is slightly less than the 
average number of rings found in P. clavatus. Since the number 
of rings is not constant either in the forms from the rattlesnake 
nor in those from the boa, 1 should have doubted whether the 
slight discrepancy was sufficient to establish a specific distinction 
had it not been for the fact that there was a further difference 
in the shape of the body. The specimens from the rattlesnake 
resembled each other, and differed from specimens from the boa 
in the possession of a relatively shorter, thicker body, the 
anterior end being markedly club-shaped. One other small point 
of difference is the fact that in the species from the boa the 
dorsal surface of the head, as noted by Dr. Hambon, is strikingly 
gibbous.*’ This did not occur in any of the specimens that 1 
have examined in rattlesnakes, though it is scarcely a specific 
character, 

I tliink, therefore, that the specimens I have described below 
from the rattlesnake are identical with the species originally 
described by Humboldt, and if there exists another species with 
80 rings, it must be regarded as specifically distinct. 

Diagnosis (after Humboldt). — Body cylindrical and club-shaped, 
yellowish, with milk-white proboscis abruptly truncated and 
bearing on the ventral surface five brownish retractile spines. 
Transparent, with transverse wrinkles, whitish at the edge. 
Longest individuals 62 mm. long ; 8 mm. across anterior 

extremity, 2 mm. across posterior extremity. 

Further description (specimens obtained from Crotalus ada7ngn- 
ieus^ 0, atrox, and C. horridus) (text-fig. 11): — 

Female, Length 50-65 mm. (average 60 mm.) ; breadth 
across cephalothorax 4‘0-8*0mm.; breadth in front of terminal 
segment 2*0-3*0 ipm. Number of rings 30-35. The cephalo- 
thorax is club-shaped and not clearly marked off* from the 
abdomen. The body is cylindrical, flattened ventially, and 
incurved at each extremity. The greatest width is across the 
cephalothorax, and from this point the body tapeis giadually 
towards the posterior end. The terminal segment is enlarged to 
form a bulb-like swelling with a conical apex. The rings are 
flat and bear no projecting ridge ; they tend to become oblite- 
ratetl towards the anterior end in the adult. The mouth is rather 
small and oval ; it lies a little anterior to the centre of the space 
enclosed by the inner hooks. 
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The hooks are sharply curved and the outer pair possess 
slender accessory spines. The anus and vagina open to a 
common pit at the extreme tip of the terminal swelling. Stigmata 
are numerous and appear to be irregularly scattered over the 
segment. 

MaU. The male resembles the female in general shape, number 
of rings, etc. The body, however, is straighter and only slightly 
incurved. Length 25-27 mm. ; breadth across cephalothorax 
3 mm. 


Genus Kiricephalus Sambon. 

There seems to be considerable range in size of individual 
females belonging to this genus. The specimens of A" coarctatuB 
which I have observed are considerably smaller than those 
mentioned by Dr. Sambon, and in K, pattoni I have found 
apparently mature female specimens varying from 50-125 mm. 
in length. The male Kiricephalus is from I to ^ the size of the 
female. 

In this genus the constricted neck of the female seems to be 
due to mechanical pressure, mature individuals being found 
with the cephalothorrx projecting through the lung-wall of the 
host. The males remain free in the lung-cavity or merely 
attached to the lining of the lung by the hooks. I'hey are 
characterized by a slight narrowing of the body behind the 
cephalothorax, but there is no definiteconstrict^'on. 

In all three species of this genus the anus and vagina in the 
female open to a common subterminnl crescentic .slit. 

Kiricephalus coarctatus Diesing. 

Additional host : — 

Zamenis Jlagelliformis (Testaceous snake). 

Dr. Sambon has pointed out (78) that the species described by 
me in 1915 (38) under the name Porocephalus glohicephalus is 
synonymous with that to which he had assigneii the name 
P, coarctatus in 1910 (96). I have no doubt that the species 
are identical, and therefore that the name P. coarctatus takes 
priority. At the time that I wrote the article I had not seen 
that part of Dr. Sambon’s paper which deals with this species. 
To the best of my recollection, he himself had kindly given me a 
transcript of the paper in question, which I took to be complete, 
whereas it actually contained only a part of the original article. 

Kiricephalus paitoni Stephens. 

It is to be noted that in the figure accompanying Stephens’s 
original description of this species (89) the mouth has been 
printed with the posterior end uppermost. The male of 
JT. pattoni is rather more tapering than the female, with a slight 
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narrowing behind the cephalothomx. Length 25-37 mm. ; 
number of rings 33. 

Up to the present the only known hosts for K- pattoni are 
Zaniensis korros and Z. nmcoHua, Some little tin^e ago I exam- 
ined some specimens of KiricepUalm from (a) Python spilotesy 
(b) Lioheterodon madagascariejisis, 

(a) From the boily-cavity of Python spilotes. One mature 
female, one male. The female specimen was 120 nun. long, but 
was so swollen out by the contained embryos that the rings could 
not ho counted with any certainty. The male specimen was 
30 mm. long ; the rings were quite tlistinct and numbered 33. 

<6) From the lungs of Lioheterodon niadagascariensis. Three 
mature females, one with the cephalothorax deeply embedded in 
the lung-wall. Here, too, the annulations were obliterated. 

Ill botli these cases the females were indistinguishable in 
appearance from a typical K, coarctatus. 

In the case of the specimens from Python s 2 nlote 8 the male 
parasite is of the same size as the male of K, coarctatus and has 
the same number of rings. I think, tbeiefore, that Python 
spilotes must be considered as a new liost for the s|>ecieK. 

With regard to the Bpecimeus from Lioheterodon madagaa- 
enrieuaia it is impossible to speak with certainty until the number 
of annulations is known. If these really are specimens of 
K, coarctatusy then Lioheterodon madagaacartensia is a new host ; 
they may, however, prove to l>ek>ng to a hitherto undoscribed 
species of the genus. Jt is not Pentaaiomivm keterodontia 
Leuckart, because, although the rings are largely obliterated in 
my speciinous, I feel sure they are not anything like 58 in 
number. Further, the stigmata are fairly numerous on each 
annulus, and not arranged in one I'ow as in P, heterodontia. 


Genus Armtillifer Sambon. 

Armillifer armillatus Wyman. 

The larval forms of ArmiUifer ar^nillatua have attracted con- 
siderable attention owing to their frequent occurrence in Man, 
chiefly in WevSt Africa and Egypt. The first description of the 
larval A* armilUituata^n human panusite was published by Primer 
in 1847 t72), and -since then thei^hav4 been numerous reports of 
its occurrence in Africa. From the nature of the Cfise these 
observations are largely made from the point of view of the 
human pathologist, and it is sometimes a little difficult to refer 
the parasite described to its species, especially as some authors 
have considered A. armilkUua Wyman to be identical with 
A. mgnUiformia Diesing. Looss, for example, regarded the d i fierence 
in the number of rings in these two forms to be merely due to 
difierenoe in age, suggesting that rings which were present in the 
Piioc. ZooL. Soc. — 1924, No. X. 10 
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lArra became obliterated in the adult ( 47 ). This oon^ntion 
cannot be maintained, in view of more recent investigations of 
the two species in question (cf. Shipley ( 84 ), Sambon ( 78 )). 
I have observed a number of adult specimens of A. armiUaius 
from Python Python regius^ and BUxb arietans ; and of 

larval forms from Man, Cercopithecm mona^ ( 7 , engythithia^ Pero- 
dioticus iheanus^ Croasarclitha ohacurua^ Hyomoachua aquaticua^ and 
Mungo gdlera^ and have found that, except in a few very imma- 
ture specimens, it is always possible to distinguish them from 
A * monUiformia. The most characteristic features of demarcation , 
even in the larval forme, are : — 

(1) The number of rings which are clearly demonstrable, viz. : 

A, armillatus, 20-22 rings in the female. 

„ 14-17 „ „ male. 

A, moniliformia^ 28-30 rings in both sexes. 

(2) The shape of the terminal segment, which is a more or less 
i*oiinded cone in A, armillaiAia^ whereas in A, moniliformia it is 
sharply pointed. 

There seems to be considerable diversity of opinion as to the 
frequency of occuireiice in Man. Earlier writers regard it ns 
exceptional, but Seiffert ( 82 , 83 , 1910) in 218 post-mortem 
examinations found 17 cases of infection, while Scliafer ( 79 ) in 
1912 found 19 cases in 150 examinations. 

The method of infection is doubtful ; it hai» l>een suggested 
that it came about through the consumption of snake's flesh by 
the natives, but, as mentioned above, this seems unJiKeiy, and, 
as pointed out by SeiflTert, ( 82 ), some of the other intermediate 
hosts (e. g,^ the giraffe) certainly do not become infected in that 
way. It seems much more probable that infection takes place 
through the drinking of infected water. 

Additional hoata (larval forms) : — 

Gephalophtia Uucogaatei^ viscera. 

Potamochcerua penicillcUi(,8, viscera. 

Herpeatea urva naao, liver, mesentery, spleen, and free. 

Hyomoachua aquaticua^ intestine. 

Mungo gaUro, liver, mesentery, and lung. 

Armillifbr akkulattjs Baird. 

Some doubt has been expressed as to the position of the vaginal 
opening in this species. Harley (35) stated that the vaginal 
aperture was a short distance in front of the anus, but that both 
aper&uras open to a single cleft. In two or three specimens of 
A* anmilaiua which I have examined, this single cleft oa^ be 
clearly seen on the last segment ; it is somewliat crescentic in 
shape and almost terminal. 



TH» FAMILY LINQUATULID^. 


147 


AWlttLLlFf ft (PoftOCBPHALUS) POMBBOYl WoodllUftd. 

Dr. Sambon ( 78 ) has considered that the parasites described 
by Dr, Woodland ( 181 ) under this heading or© merely specimens 
of A , annulattis in which the neck shows a very mark^ degree of 
constriction. 

Some years ago my attention -was arrested by two specimens 
of Linguatuiidue in the collection of the British Museum, South 
Kensington, labelled Fent, anmilatus from lungs of Kaja ? 
melanohum ” ; and when Dr. Woodland's paper on ForocepJtalus 
ponxeroyi^ n, sp, (1922) appeared, I found that his description of 
the new species agreed with the notes I had previously made 
on these specimens in the British Museum. Hi nee then I have 
had an opportunity of examining several specimens of undoubted 
AnniUifer anmdatim^ and, after a comparison of these with the 
tloscriptions and figures given by Baird, Harley, Leuckart,' 
Shipley, Sambon, and Woodland, J have arranged the points of 
difference between Armillifer annulaUm and A, poiiieroyi in 
tabular form for convenience. Most of these points have been 
previously noted by T)r. Wo(3dlaud. 


Adult 9 5 — ' A. annulatua. 

Length i * 80-121 nun. 


I A. pomertyi. 
I 50 71 mm. 


Length of eephnlo- About 4 mm. (». e., “combined length! 
tlumiv of nut more than 2 iuinult'*). | 

; j 

breadth of cephalo- About half length of cephalothorax. 
thorax ' j 


About 8 mm. {i. e., com- 
billed length of annuli 
8-9 inch). 

About equal to length 
of oephalothorax or a 
little less. 


J^ongth of neck j Alwiut 1 mm. 

Kings ou abdomen 26-tlO plus teinuinal segment. 


6-7 mm. 

29-31 plus terminal seg- 
ment. 


81iape of rings 


With projecting band-* about 1 inm. 
long, separate by constrictions 
about 12 mm. lung; 1st ring 
slightly smaller than succeeding 
ones. 


With project hig bunds 
longer than the coii- 
tetriction, giving it a 
“ moniliform ” appear- 
ance; 1st ring much 
larger thau succeeding 
ones. 


Terminal segment .! 


? Hounded and more obtnae. 


Conical and longer. 


Adult <y: — 

Length f 16-29 mm, 

Number of rings ... 28-29. 


12 mm. 
36. 


* Jlaird's specimen measured 2i in. (» about 67 mm.), but, as the head romaiiied 
embedded in the lung, this measurement is useless for purposes of comparison. 

t Leaokart (58) gives 16-25 mm., but Harley fbaud two small Linguatulids 
about 1^ in. («» about 29 mm.) long in the nasal fewsaof the same cobra from 
which bis female specimens of A. annulatus were obtained, and, on dissecting one, 
be found it to asi'ce in every res^t with v. Beneden's description of a male 
X<s^turfn2«. Hai^y did not consider it to be the male of A, anmufafus because it 
was so different in evtemal characters to the larger worm. This sexual diiuoi-pbism 
among the Linguatulidse is now a w'elLestablisbed fact, and Harley’s hg^ires, 
though not very clear, portray specimens which have the general appearance of 
malts and possess 26 rings. 


10 * 
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There is a elight narrowing of the body between the region of 
the cephalothorax and abdomen in several Lihguatulids, but, 
apaiii from the species here in dispute, the only members of the 
family which show a definite ‘‘neck” are those belonging to 
the genus KiricepJudus^ in which genus there seems no reason 
to doubt that the constriction is in large measure directly due to 
mechanical pressure, As noted by several observers, the adult 
female of Kiricepimliia normallj’^ perforates the lung- wall of its 
host in such a way that the elastic wall of the lung constricts 
the body just behind the cephalothorax. I have several times 
found specimens of K, pattoni with tlie head protruding through 
the lung-wjill into tlie body-cavity of the host. The same obser- 
vation was made by Harley (35) with regard to Baird's specimen 
of A. ahuulatiis^ but the coinlition ditiei’s in the two species. 
In Kiricpphaliis spp. the area nfl’ected by the constriction is very 
small ; in fact, the body has the appearance t)f a sausage tightly 
tied at one point. In A . anmdatm^ and still irior(‘ in A . pomerof/i, 
the neck is longer and appears as a definite tube with regular 
outline. Dr. \V(-odland (102) has lecently brought forward 
evidence of a liistological nature to show that in ^1. pomeroi/i the 
constriction is not directly due either to external compression 
nor to muscular contraction » and, indeed, it is hanl to sec* how a 
compressed region of this length could he produced merely by 
pressure of tlie lung -wall. 


Abmilwfek MONiLiFOiiMis Diesing. 

I liave examined a number of specimens of A, mohiliforiui% 
and find that my measurements difier slightly from those of 
Dr. Sambon (78). There is probably a certain amount of vaiia- 
tiou in this respect, and 1 have therefme given below Diesing’s 
original description (22) and tlie result of my own obser\ ations, 
which are in accord with those of v. Jleymons ( 41 ). 

Original description, (Transl.) 

“Tapering, with irioniliform segments. Head thick, rounded 
anteriorly, flattened ; posterior end of body sharply pointed ; 
mouth round and placed behind ]iook-groo\ es. Lengtli 1 ^ in., 
4 lines [= 46T) mm.]; anterior end 2 lines broad [ = 4-2 mm. | ; 
posterior end a little over 1 line broad [ = 2’1 mm.]; tail seg-% 
ment | line broad [s=’5 mm. J, Twenty clearly marked rings 
(rings have disappeared at anterior end). Hooks liglit yellow, 
single. It differs from Fentostommn prohoscidmim [sssi^oro- 
aephalm clavatua] by its moniliform body, lesser number of rings, 
and mouth below the hook-grooves.” [Diesing.] 

Diesing described a single female specimen from the lungs of 
Vython moHrua, His illustration shows about 26 rings, 18 being 
clearly marked* 
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Further description. 

Female. Length 58-85 mm. (immature specimens 24-50 mm.); 
width across cephalotljorax 3-4 mm.; number of rings 27-30 
(not counting terminal segment). 

The rings are usually to a certain extent obliterated towards 
the anterior end in the adult female. More posteriorly tliey are 
strongly marked, and the segments swell out between each groove ; 
they are not always “ moniliform,” tihe actual shape despending, 
as pointed out by Sir A. Shipley ( 84 ), on the amount of con- 
traction of the body. 

The hooks are rather wide apart, and the circular mouth is 
more post(‘rior than in Armillifer arniillatus and Porocephalus 
croiidi^ .although the relative positions of mouth and hoi)k>pits 
v.ary a little; possihl\ this is due to the fact that the movement 
of the retractile hooks in .some cases draws the hook -pits back- 
wards and forwards. ^Fhe terminal portion of each hook is 
rather short, hut sharply curved. 

The terminal segment is small, narrow, and veiy sharply 
pointed. The last two annular grooves are a>iially incomplete 
ventrally, and sometimes the terminal one is altogether ohlite- 
rated. 'Fhe anus is subterminal. The vaginal opening is larger, 
atul is situated on n swelling about 2 mm. in front of the anus, 
between the terminal and penultimate segments. 

fStigmata arranged in about five irregidar rows. 

Afah. liCngth 20-35 mrn.; width across cephalothor.ax 2 mm.; 
number of rings 27-30 (as in female). 

.In general appearance, shape, hooks, <fec., the male resembles 
the female, but differs from it in size and in the po-vsession of a pair 
of backwardly-pointing, finger-shaped processes on each segment. 
These processes are situated one on each side, on the ventro- 
lateral aspect of the segment. Xliey are most marked anteriorly, 
and gradually diminish in size towmrds the posterior end. 

This species was first described by Diesing in 1835 (22). 
Various authors have confuse<l A. mouiliformis with A, arm Hiatus 
Wyman, from which, however, it is etisily <listiiiguisliahle by the 
number of rings and sharp caudal extremity. As mentioned 
above, Looss ( 57 ) believeil the species described as A, monili- 
formis and A. armillatus to be identical, and ascribed tlie dis- 
crepancy in the number of rings to the fact that rings which 
were indistinctly marked in the immature forms became clearly 
developed in the adult. This is certainly incori'ect, and the two 
species are quite distinct. Usually, too, A. moniliformis occurs in 
the Oriental region, and Dr, Sambon lias therefore concluded 
that it is most unlikely to occur also in the African. Neverthe- 
less, one of the figures given by Looss of a Linguatulid from the 
West African Python (P. sebas) shows a typical specimen of 
A. moniliformis. There is also an example or A. moniliformis in 
the Oxford Museum from the same host. Further, X have 
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Identified a larval form of this species from Frotelea criatatva^ a 
native of Africa. The specimen came from the Zoological 
Sotnety’s Gardens, and may therefore have been accidentally 
infected, but tliis is unlikely, and it looks as if A, monUiformisy 
or an allied form, occurs both in the Oriental and African 
regions* 

Additional hosts : — 

Adult form : — 

(?) Python aehce, lung. 

Larval forms: — 

Nyciicahua tardigmdm^ intestine. 

Felis vwerrina, 

(?) Frotelea criatatua. 


Genus Waddycephalus Sambon. 
Waddycephalus teretiusculus Baird. 

This species shows considerable variation in size, number of 
ann Illations, etc. Baird’s specimen, a female from the mouth 
of Hoplocephal'm auperhuSy is 60 mm. long and Juis about 75 
rings (2). According to Spencer (88) the length of the female 
is 12-32 mm., greatest width 5 mm., number of rings 65-70 
(some of his specimens were, however, immature) ; len;^h of 
male about 13 mm., width 2 mm., number of rings about 88. 


Text-figure 12. 



Embryo of Waddycephalus teretiiisculus Baird, 
o. Ventro-latf*ral view. h. Doml view ; i, dorsal attachment. 
c. Outer integument. 


I have examined a number of specimens from Australian 
snakes, and have come to the conclusion that Baird s specimen 
was an exceptionally large one. The majority of those I oliserved 
were from 20-30 mm. long, but in a few cases they reacheif 
S7-40 mm. The average width behind the bead was 3-5 mm,, 
but sometimes much less. Kings 50-70. The males were 
6-7 mm, long, and one at least had only about 60 rings. 

There is thus considerable variation both in size and in ntrmber 
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of rings. In the females this is especially noticeable. At first 
sight I imagined that the smaller and more slender female 
specimens were immature, as there is no doubt considerable 
growth after copulation, but on examination I found the uterus 
was long and coiled and some of the embryos were far advanced 
in development. The increasing size of the embryos may in 
some cases account for variation in girth, but not for the very 
great variation in length. Some of the male specimens may 
have been immature, but they measured less than 13 mm. (the 
figiiie given by Spencer), and in some cases the rings were only 
about 60. 

On examining some embryos from the uterus of a female 
belonging to this species, I found that the outer envelope of some 
of the eggs was beset with small spiny projections. The envelope 
was detnclmd by means of slight pressure on the cover-slip, when 
the einbiyo with two pairs of limbs and dorsal attachment was* 
clearly visible, still enclosed by the inner integument. This 
spinous shell closely resembles that described by Noc and 
GiglioH (68) in their new genus Samhonia^ and has not hitherto 
been observed in any other species of Lingiiatulid (text-fig. 1 2). 


Hection Lixgl atvltm Sambon. 

Dr. Sambon lias created a new section ; LinguatuHni, with the 
following diagnosis : — Body flattened and fluke-like, more or 
less convex in middle part of dorsal surface; sides depressed. 
Hooks disposed archwise. Alimentary canal axial. TJtero- 
vagina twines around it,’’ 

Thus the section LinguatuHni differs from other Porocephalinm 
mainly by the shape of body, which is flattened, with the middle 
part of the dorsal sui face convex, 

Leuckart (53) descrilied the genus LimjvxUula as “possessing 
a bo<ly-cavity which forms a series of diverticula extending into 
the lateral portions of the annul i/’ This character certainly 
obtains in Lmgxmiula ^errata and also, I think, in Sir A. Shipley’s 
specimen of Stthtriqmtra, In L. serrata the flattened portions 
contain a pocket-like diverticulum of the body-cavity in each 
annulus, the successive diverticula being separated by a series of 
dorsoventral muscle-flbres. There are also thickened bands of 
longitudinal muscle on the dorsal and ventral walls respectively. 
The axial rounded portion of the body contains the alimentary 
canal and reproductive organs. The lateral glands are entirely 
confined to the flattened lateral region, and occur between the 
dorsoventral hands of muscle. The presence of lateral diverti- 
cula is not, however, a matter of much specific importance ; it is 
onljr a further development of the an*angement found in more 
cylindrioa) forms. 

Dr, B.’imbon (78) has sepitrated Linguahda mhtriqitetra from 
the other species or Lingvotula (L, serrata and L. reourvata) and 
has created a new genus, Subiriqmtra, to include the first- named 
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species together with Porocephalus ^negacephalue Baird. Of the 
four species above-mentioned, LingiuUvla serrata and L. reciirvata 
differ from the othei's in the shape of the body, which is broad 
and fla.ttene<i anteriorly and considerably narrowed towards the 
posterior end. In the new genus Suhtriquetra the body is elliptical, 
and the greatest width is about the centre of tlio l>()dy. If this 
difference in shape is sufficient to justify the establislnnent of a 
new genus — and the difference is certainly very marked, — then it 
seems to me that Baird^s specimen should be assigned to a se])arate 
genus, as it differs as much from Svltriqtieira in this respect as 
it does from Linyaatula. The head is very bioad, and behind 
this it narrows rapidly, the posterior end of the body being almost 
cylindrical. The central portion of the body on the dorsal si<le is 
very convex, but the flattened lateral areas become gradually 
smaller, and finally disappear towards the poster in i* i*nd of the 
body. In Suhiriquttra suhtriquetra, on the other hand, tbo whole 
body is elliptical, and the flatkmed area extends to the posterior 
end. In Nhipley’s specimen the dorsal aiea, is\eiy)niich more 
convex and consf)icnous than in [*y.] megacephalu, while in Lin^ 
guatida serrata it is not quite so marked. So that Bairds species 
really lies between JAugnaiula and SuJdriquelru in tliis respect. 
Further, the hooks of megacephala are relatively mncli larger 
and more massive than those of -o', s^ihiriqueira. For llu'se reasons 
I think that [aS'.J uiegacephala should be separated from tlie genus 
Suhtriquetra, although both forms are parasitic in ci'ocodiles. I 
have not suggested a new generic name because, as stated below, 
I believe that Porocepkalus kachugeiisis Shipley may ])rove to be 
the immature form of [‘>9.] megacephaluH, and Dr. Sambon has 
a-lready proposed a new genus, Diesiugla, with 1\ liacJntgetuAs as 
type-species (78). 


Genus Linouatula Frill icb. 

Linguatula serrata Frill icb. 

This species was first described liy Chabert (l^a) in 1787, and 
since then a large number of observations have been made. The 
adult form occurs chiefly in tlic dug, wolf, and fox, the inter- 
mediate host being frequently a domestic animal— r/., sheep, ox, 
horse, goat, etc. Ileference to tlie complete record of intermediate 
hosts will show, however, that the list is a long one, and it seems 
probable that the larval form can develop in almost any mammal, 
since experimental infection with various mammals has generally 
been successful. 

I have in my possession specimens of ripe (?)Z. serrata, sent 
me from the Teterinary College, Lahore, wliich measure only 
35-42 mm. in length and 4-6 in breadth ; so that either there is 
a consideiuble variation in size in this species, or else possibly my 
specimens belong to an allied species inhabiting the Oriental 
Begion. I cannot, however, find any points of difference between 
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these Indian specimens and typical specimens of X, sen^aid except 
with regard to size. 

Additional host : — 

Larval forms : — 

Boaelaphus tragocamelus^nilghai (found by T)r. Wood- 
land in India). 

Genus Subtriqubtra Sainlion. 

SuBTRIQUETRA SHIPLEYI, n. Sp. 

In 1910, Sir A. Shipley ( 85 ) described a Lingua tulid from the 
pharynx of a crocodile which he assigned to the species JAngv^tula 
\Siihtriqmtrd\ snhiriqueira, I have had an oppoitunity of exa- 
mining this specimen in the Indian Museum, Calcutta, and add 
the following details : — It is a ripe female ; length 20 ram., width* 
12 niTn. The dorsal convex portion is extremely conspicuous. 
I’he rings are difficult to count, but there are about 30. The 
mouth is key-hole shaped, with the narrow end anterior. The 
hooks are simple and relatively small. A study of these details, 
together with the excellent figure giv’en in Shipley’s paper, make 
it deal* that this parasite differs from Subtriqnetra siibtriquetra 
Diesing in shape, ami probably also in convexity of the central 
part of the body. I think there is no doubt that it is a new 
sj)ecies, for whith I therefore propose the name Suhtriqnetra 
shipleyu 


Linguatulixi incert.e sedis. 

Pextastomum megacephalum Baird. 

The only known specimens of P. megncephalnm were descril)ed 
by Baird (2) in 1853, They were three in number (apparently 
all female individuals), and had been found embedded in the flesh 
of the head of Crocodiliis palustris. Some little time ago I was 
aide to examine the specimens in the British Museum, S. Ken- 
sington. One was entire and measured about 20 mm. in length, 
the other two were broken — one was 20 mm., the other 25 mm. 
long. All three were about 10 mm. broad at the anterior end. 
As noted by Shipley ( 84 ) and Sambon ( 78 ), the lK)dy wtis so 
wrinkled that it was difficult to coun{ the annulations, but these 
appeared to be about 50. The hooks were large and deep brown. 
Dr. Sambon mentions that these hooks had accessory spines, 
whereas Baird says that they were simple. I noticed a thickening 
at the proximal end of the hooks which I took to be merely the 
enlarged base, but 1 may have been mistaken. If the hooks are 
really double, this would be an additional argument for separating 
the species from the genus Suhtriqmim (v. supra)^ where the hooks 
are single in the adult. The only entire specimen was a ripe 
female, the body of which was ruptured so that the uterus was 



154 


MiM MAAY L. HETF OK 


protruding. The larger of the two broken specimens was described 
by Baird as a male, apparently because (a) the uterus was not 
visible, {h) there was a small sharp papilla protruding from the 
posterior end which he imagined to be the penis. Since the 
males of all known Linguatulids are smaller than the females 
and the male genital apertni*e is always an tenor, I think there is 
no doubt that this specimen is also a female, the po.sterior end 
being broken and a small portion of one of the internal organs — 
probably the alimentary canal — protruding. This specimen is 
not so wrinkled as tiie others, and the annulations aie more 
clearly visible, especially on the ventral side, where there is a 
kind of groove separating the more flattened ventral portion from 
the lateral area, as shown in Baird’s figure. 

PoROCEPHALtTS KACHUGBNSIS Hhipley. 

Body club-shaped. Length 9 12 mm. ; widtli at ani-erior end 
3*5-4 mm., at posterior end 1-1*7 mm. A pair of well-jnarked 
sensory papillse present anteriorly. Mouth small, round, and 
slightly in advance of outer hooks ; all markedly projecting and 
double. Kings difficult to count, hut about 40, conspicuous on 
the ventral surfcice owing to the presence of fine chitinous rods 
at the margin of each annulus. 

This species was first described by Shipley (85) in 1910 from 
parasites encysted in the liver of Kachvga lineatkL I was allowed 
to examine these specimens and others obtairuMl from the Hver of 
Batagur haaka, now in the Indian Musenm, Calcutta, and pub- 
lished a further description of the species in 1921 (39). I then 
suggested that this might prove to be ilie larval form of Poro- 
cephalus megacephalua, and I still think this may be the 
case. As previously pointed out: — “In Baird's species the 
an n Illations were faintly marked on the dorsal surface, and 
the ventral surface was flattened and wrinkled. Ijengtli 20- 
25 mm., breadth of head 8-10 mm , body diminishing rapidly in 
size towards the tail. In P. kcLchuaenais the length of the body 
is from 9-12 mm. and breadth of cephalothorax about 4 mm. 
These proportions resemble those of P. megacephalm^ the dif- 
ference in actual size being easily explained by diflerence in age/^ 
Further, some of the specimens show a definite insinking of the 
ventral face of the cephalothorax, and in older examples a small 
lateral fiattened area is cflstingiiishable on each side in the 
anteiior half of the body. 

PoEOCBPHALUS CBOCODiLi Wheeler. (Text-fig. 13.) 

Professor Wheeler (99 a) described a number of specimens of a 
Linguatulid found in the lungs and bronchi of Croeodilm ameri- 
eanus. Some of these specimens were encysted in the lung- 
tisfttiei some free in the bronchial cavity ; they were mostly small 
and immature, but included an adult male and female sufixciently 
well preserved to allow of a clear diagnosis. According to the 
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author, one distinctive feature of these parasites was the presence 
of double hooks ; and he therefore considered them to be related 
to Raillietiella furcocerca and Pmidstonium gratikj where a 
simi lar structure was described by Diesing ( 22. 23) . The specimens 
describe<i by Diesing were, however, immature; there is some 
uncertainty as to the adult form of PentastorMi gradley but the 
mature Raillietiella furcocerca has single hooks. The presence of 
double liooks is frequently a sign of immaturity, ami an immature 
specimen in its last stage may easily be mistaken for a young 
adult paiasite, the double hooks being lost and replaced by single 
ones at the last ecdysis. 

The description ami measurements of Professoi* Wheelers 
specimens show that, apart from the presence of geminate 


Text-figure 13. 



PorocephalM croeofWi Wheeler. 

a. Ailult ? , X 21. After Wheeler. 

b. Anterior end of 9 , X 61. After Wheeler. 


hooklets, the parasites resemble ^Sebekia orycephala except in 
(1) number of ann illations, (2) shape of cephalothorax. W^ith 
regard to (1), the a nn illations in this genus are very numerous 
and difiicult to count. Wheeler gives the number as 75 for one 
of his specimens, 105 for another. In B, oxycephala Leuckai't 
( 58 ) estimates the rings at about 60.'^ In the specimens I have 
seen they were 60 or more. This diflference may therefore be set 
on one side. The probable identity of some specimens described 
as Porocephalm eroeadili Wheeler and Bebekia oxycephala has 
already been pointed out by Dr. Sambon ( 78 ), who thinks it 
possible that R*ofe8sor Wheeler described two species under one 
heading. If this is tlie case, it would help to explain the dis- 
crepancy in number of rings, (2) The shape of the cephalo- 
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thorax presents more difliculty. In S, oxycephala the anterior 
end is definitely naiTOwed and tnmcated. In fit?ures of P. era- 
eodili it is more or less rounded. The actual value of this 
distinction cannot be determined without seeing the specimens, 
but it may be pointed out that Wheeler’s figures show a slight 
anterior narrowing, and there may be a certain amount of 
variation among individual specimens. Unless the character is 
very marked, this feature alone would not constitute a specific 
difiference. The specimens resemble oxycephala in other 
respects — viz., length, shape of mouth, relative position of hooks, 
etc.; and, further, it is to be noted that they occur in the same 
host. 
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3. Zoologiciil ResuUs of the Third Tanganyika Expedition, 
conducted by Dr. W. A. Cunnington, 1904-1905. — 
Report on the Linguahdidw. By Mary L. Hett, 
B.Sc., F.Z.S. 

[Keceivml November 16, 1923 : Road Febnmry 5, 1924. J 

(Text-figure 14.) 

The LinguatuUdffi collected by Dr. Cunnington in Lake 
Tanganyika were larval forms found encysted in the body-cavity 
and intestine of Chryaichthya hrachynema Blgr. and of a “ nunzi ” 
(probably Latea microlepia Blgr.). Though immature, the speci- 
mens were well advanced in development. The body, which was 
cjoiled and twisted, was cylindrictd and of about the same diameter 
throughout ; when straightened, it measured about 24 mm. in 
length and about 1 mm. in breadth. The cephalothorax was 
rounded anteriorly, the posterior end slightly conical. The 
booklets were double and pix>jected well outwards. There was an 
oval armature round the mouth. The two anterior papillfe were 
small but well marked. The rings were numerous, about 100. 

Text-figure 14. 

a 

% 

Gf 

? Leiperia einoinnalu Sambon. Larval form, 
a. $,X8. d. Hooks— i., anterior; ii., posterior. 

The resemblance of these parasites to Leiperia cincinnalia 
Sambon inclines me to think they may be young individuals 
of that species whose larval form is unknown, and this view is 
strengthened by the fact tliat Dr. Sambon has recently ♦ made 
the same suggestion with regard to two very similar immature 
specimens obtained from Croeodilua nUoticxia^ the host of Leiperia 
ciiimnnaUa. Like those mentioned by Dr. Sambon, these speci- 
mens from Lake Tanganyika resemble “ Pentaatoma gracile 
Diesing, but the coiling of the Tanganyika specimens is remark- 
able, and unlike that of any other encysted Linguatulid that 
I have observed. 

* J. Trop, Mod. London, xxv.'p. 402 (1922). 

Peoo. Zool. Soo,— 1924, No. XI. 1 1 
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4, On some Abnormal and Imperfectly Developed Speci- 
mens of the Sea Urchin Echinus esculentus. By H. 0. 
Chadwick, A I<.S.* 

[Received November 17, 1923 : Read February 19, 1924.] 

V (Text-figures 1-7.) 

The specimens here described were collected at various points 
around the south end of the Isle of Man during the summer of 
1922. Unfortunately, in every case the spines and viscera had 
been roughly removed by fishermen before the tests came into 
the writer’s hands, so that no comparison of the radial water- 
vessels with the imperfectly developed ambulacra was possible. 
Though some zoologists may regard such specimens as mere 
curiosities, unworthy of more than passing notice, it seems 
desirable that their abnormalities and imperfections of develop- 
ment should be carefully examined, I’ecorded, and illustrated. 
Many have already been described t; and, while there seems to 
be no limit to the possible combination of variants in an 
individual, the imperfections of development appear to follow 
certain lines and to indicate that a large proportion of them is 
due to arrested development and, possibly, displacement of one or 
more of the lobes of the hydrocml of the larva. Specimens A 
and B, especially the latter, show that considerable modification 
of the normal shape of the test may occur without disturbance 
of its symmetry or imperfect development of its plates. On the 
other hand, more or less disturbance of symmetry always appeals 
to be associated with imperfect development of the plates, 
especially those of the ambulacra. 

SpecimeR A (text>fig. 1) is remarkable on account of the 
exceptional disproportion between the height of the test and its 
diameter, the former being 8*8 cm. and the latter 6'3 cm. The 
five double columns of ambulaci'al and interambulacral plates are 
present, and, except for very slight elongation in the plane of 
amb. y and interamb. 2, the apical system is normal in shape and 
number of plates. At the apical pole the five ambulacra, 
especially those of the trivium, are distinctly convex — almost 
protuberant, and even at the ambitus give to the test, when 
viewed from the apical pole, the form of a pentagon with rounded 
angles. The ambulacrals vary considerably in depth, but all 
consist of the normal number of three elements, each with its 

* Commanioated by F. A. Bathxb, F.R.S., F.Z.8. 

t See full bibliosrrapliy by B, Koehler, 1922 : “Anomalies et irregularities du test 
de* Eohtnides.** Bull. luat. Oceanogr. Monaco, No. 419* 
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pore-pair. They show a marked tendency to overlap the adjacent 
interambulacrals along the sutural line, which consequently is 
more than usually irregular and obvious. The interambulacrals 
show a disproportion of depth to width corresponding to that of 


Text-figure 1. 



height to diameter of the entire test. There are 26 to 28 plates 
in each column. In spite of exceptional disproportion this 
specimen does not present any deficiencies such as partial or 
entire absence of ambulacra or interambulacra. 


Specimen B (text-fig. 2) also is remarkable for the exceptional 
disproportion of its principal dimensions. The height of the 
test, measured from the apical system to the peristome, is 
2*6 cm., and its diameter at the ambitus 6*7 cm. The apical 
sj'stem, however, lies at the bottom and in the centre of an 
almost completely symmetrical depression of the apical area of the 
test. This depression, measured through the madi eporic plane, 
is 4 cm. in diameter, and, in interradius 4, is slightly deeper than 
elsewhere. Measured from the margin of the depression to the 
oral face^ the height of the test is 3 cm. The normal number of 
five double columns of ambulacral and interambulacral plates 
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occurs, and all the plates are normal in size, composition, and 
arrangement. 

Text-figure 2. 



Specimen C (text-fig. 3) is of average size and proportions, its 
height being 6*2 cm. and its <liameter at the ambitus 8*2 cm. 
The symmetry of the test is disturbed by a lateral flattening of 
which radius 1 is the median line, and about midway between the 
oral and apical ends of amb. I there is a well-marked depression. 
The width at the ambitus of amb. II to V is 1*8 cm. each, and, 


Text-figure 3. 



Imperforate ambulacrum. 

except for very slight curvature of II, III, and V, they are 
normal. The apical system is normal, except for slight elongation 
ill the plane of radius I and interradius 3. The width at the 
ambitus of amb. 1 is 7 mm., so that it is less than half the width 
of its fellows. At the point where the above-mentioned 
depression is most marked the gradual narrowing of the 
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ambulacrum, as it approaches the apical pole, is disturbed by 
slight contraction. Hutural lines show that the plates of this 
ambulacrum are of normal composition. Ocular plate I bears the 
usual pore, but this is smaller than those of its fellows. The two 
last-formed plates of amb. I are of nearly equal size and each has 
a single pore. The next plate in column a, that in contact with 
intoramb. 5, is of much larger size, nearly quadrangular, and has 
a single pore. The next plate is much deeper than wide, and, 
though it shows sutural lines and two minute pits or piinctm 
close to the border of its single tubercle, it is imperforate. The 
next plate also is imperforate. The next two plates consist each 
of two components of nearly equal size and shape. One of each 
of these is punctate, but both are imperforate. Plate 12 in this 
row has an isolated component which is punctate, but beyond 
this point all the plates of the column are imperforate. The 
second and third plates in column h bear each a minute puncta. 
All the remaining plates of this row are imperforate. 

Specimen D (text-fig. 4). — Irregularity of the apical system, 
truncation of amb. IV, and almost complete suppression of 
interamb. 4 constitute the remarkable features of this specimen. 


Text-figure 4. 



Almost complete suppression of intcrambulacrum 4. 


The height of the test is 7 cm., and its diameter at the ambitus 
7*7 cm. These dimensions show that the specimen is more globose 
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than the gi^eat majority of those found in Manx waters. Amb, I, 
IT, and III are normal in composition and nearly so in relative 
position, though when the test is oriented according to Loven’s 
formula the left border of No. 1 is exactly posterior. Interamb. 1, 
2, and 5 are normal, except that, in consonance with the 
irregularity of the apical system, the apical ends 2 and 5 are wider 
than those of their fellows. At its apical end arab. IV is cut off 
from the apical system, and the intervening space is partly filled 
by lateral extension of the plates of interamb, 3. For rather 
more than two-thirds of its length the right border of amb. IV 
(column 6) is in contact with the left border of amb. V 
(column a). In both these columns the plates appear to he 
compressed in the direction of their length. As a result of this 
the width of the perforated portions combined is less than that of 
one column of one of the normal ambulacra, and it is scarcely 
possible to trace the line of suture. The plates of column a of 


Text-figure 4 a. 



Irregular oomposition of apical system. 


amb. IV are considerably wider than those of column and do 
not appear to have been affected by lateral compres.sion. The 
oml ends of these two closely approximated ambulacra are 
separated by a small islet, 4 mm. long, of the almost completely 
suppressed interamb. 4, and at the apical end the same interamb. 
is represented by four or five plates of irregular shape. In text- 
fig. 4 the plates of interamb. 4 are indicated by shading. The 
apical system consists of seven plates (text-fig. 4 a). Four of these 
are genitals, corresponding in position to interamb. 1, 2, 3, and 
6. But two of these plates, vix. 1 and 2, function also as oculars, 
inasmuch as they have two perforations, the supernumerary one 
being in each case opposite the af)exof an ambulacrum, where the 
ocular is absent. Normal oculars occupy their usual positions at 
the apical ends of amb. Ill and V. Wedged in between genitals 1 
and 2, and on their inner edge bordering the periproct, is a 



168 


MU. H. C. OHABVVICK ON AUNOUMAL 


seventh and evidently displaced plate. It is imperforate, but 
its shape is roughly that of an ocular, and it appears to be 
ocular ll. 

Specimen E (text-fig. 5). — The general shape of the test, when 
viewed from the apical pole, is that of a well-rounded oval, due to 
incomplete development of interamb. 5. The height of the test 
it 4*8 cm., and its longer diameter at the ambitus 5*7 cm. At 
their adoral ends amb. I and V approacli each other so closely 
as to isolate the adoral end of interamb. 5. Compared with its 
fellows 2 and 3 on the opposite side of the test, the latter is 
greatly reduced. In both columns the plates are clearly re- 
cognizable as far as the sixteenth, counting from the apical pole. 
Beyond this point, at which amb. I and V approach each other 
most closely, there appear to be nine or ten plates in each 
column ; but their shape is so much modified by lateral pressure 


Text-figure 5. 



Incomplete development of interamtulacrum 5. 


that it is scarcely possible to speak with certainty. Plate 16 of 
column a carries six ambulacra! pores (probably three pairs), and 
in column h continuity is interrupted by the intrusion, between 
plates 19 and 20, of the porous portions of two or three plates of 
column a of amb. I. No actual breach of continuity of the plates 
of column h of amb. I occurs: in column a there is slight 
dislocation and almost complete oblitemtion of a few pore- pairs 
close to tlte point of intrusion just named. At the adoral end of 
amb. V and at the margin of the peristome there are five almost 
normal plates of column 6. The next two plates are reduced and 
deformed by lateral pressure and intrusion of several plates of 
column a of interamb. 5. In like manner a few, perhaps four, 
plates of column a of the same ambulacrum are isolated. There 
is, indeed, at this point a narrow isthmus of interambulacral 
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plates connecting interamb. 4 and 5. Beyond it are three or 
four much compressed plates of column a, and these are succeeded 
by a long series of normal plates as far as the apical system. 

Sp^imen F (text-fig. 6). — The height of the test is 6*3 cm., 
and its diameter at the ambitus 6*9 cm. The apical system is 
symmetrical in shape and consists of the normal number of plates. 
The interest of the specimen lies in the abrupt truncation of 
amb. I and IV, and the contraction of amb. II, III, and V at 
about the same level of the test in each case. All the plates of 
amb. I are perfect in composition, though reduced in width up to 
a point a little above the ambitus. The ambulacrum as a whole 
trends forward and to the right instead of taking a straight 
course to oc. I ; and the suture which separates the plates of 
column a of intemmb. 1 from those of column h of interamb. 5 is 
continuous with that which sepaiatesthe latter from column a of 
amb. I. Counting from the apical system to truncated amb. I, 


Text-figure 6. 



there are in column a of interamb. 1 eleven plates. The eleventh 
plate is not only in contact with the last-formed plates of amb. I, 
but is not clearly marked oft* by suture from that in column a. 
The latter and the next plate in the same column have each two 
pore-pairs. Tim last-formed plate in column h is of irregular shape, 
but has three pore-pairs. The truncation of amb. IV occurs at 
almost the mme level as that of amb. I. Like the latter it trends 
forward and to the right, ami the suture which separates it from 
column b of interamb. 3 is continuous with that which separates 
the latter from column a of interamb. 4. The last-formed plate 
of column a of amb. IV is roughly pentagonal (text-fig. 6 a). It 
consists of an adoral primary plate with a pore-pair and two demi- 
plates which are imperforate. Tlie next is a larger plate of the 
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same composition. The pore-pair of the smaller, aborally-placed 
demi-plate trenches upon the adjoining interambiilacral plate ; 
indeed, the outer pore is in the latter. At first sight the adorally- 
placed primary appears to be imperforate, but it is possible that 
its pore-pair may be found in a very small included }3late wedged 
in, almost at right angles to the noimal position, between the 
primary and the next plate. Owing to displacement of the pore- 
pairs and partial obliteration of the sutures, the composition of 
the next (?) three plates is not easily determined. In like 
manner the composition of the (?) four last-formed plates of 
column h is obscured, and these, like the imperfectly formed plates 
of column a, are preceded by a series of perfectly formed plates. 


Text-figure 6 a. 



Irregular composition of plates of truncated ambulacrum IV. 


The actually last-formed plate in column h is isolated by the 
intrusion between it and its predecessors of an adjacent inter- 
ambiilacral plate. Amb. II, III, and V are composed of perfectly 
formed plates, except at the points where they are slightly 
constricted. Here, in column a of amb. II (text-fig. 6 h\ there is 
a plate, much deeper than its neighbours and composed of three 
elements, the adoral of which is imperforate. Next to it, 
adoraliy, is a small plate, the adoral element of which only has a 
pore-pair. In column ft, at about the same level, there is a plate 
composed of three elements, the adoral primary of which has two 
pore-pairs. Next to it, adoraliy, there is an imperforate plate, 
unless a very small pore-pair actually in the Hue of suture 
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between it and the next plate belongs to it. The next plate 
consists of four elements, the adoral of which has two pore*pairs ; 
and the next of fire elements, the middle one of which, a demi- 
plate, also has two pore-pairs. In amb. Ill the constriction is 
very slight. Here, in column a, there is a plate consisting of an 
adoral primary and two demi-plates, the aboral of which is 
imperforate. This is succeeded by a rather large subtriangular 
deini-plnt^ and this again by two ill-defined plates containing 

Text-figure 6 b, 

6 



Irregular composition of plates of truncated ambulacrum 11. 

between them seven pore-pairs. In column 6 the plate 
corresponding in position to the first-named in column a is of the 
same composition. The aboral demi-plate is imperforate, but the 
adoral primary has two pore-pairs. In column a of amb. V there 
are imperfectly defined plates containing between them eight 
pore-pairs and an odd pore. At the same level in column b there 
are three imperfectly defined plates containing between them 
eleven poi*e-pairs. Plate 12 of column b in interamb. 2 has a 
single pore-pair well within its borders. 

Specimen G (text-fig. 7). — The imperfection in development of 
this specimen is associated with considemble depression of that 
portion of the test which is travei’sed by amb. Ill and IV . The 
height of the test is 5*5 cm., and its diameter 7*2 cm. The 
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height JS slightly reduced by the fact that the apical system is 
involved in the depression of the test. It is also slightly 
elongated in an antero-posterior direction, and its anterior boi^der 
is depressed. The depression of the test is rather greater over 
amb. Ill than over arab. IV ; but the result is practically the 
same in both cases. It is not possible to give a detailed 
description of the plates of these ambulacra. For nearly 1*5 cm. 
from their apical ends the inner, imperforate portions of their 
plates are much reduced in width, and the perforate portions of 
the more apical ones present a distinct appearance of imbrication 


Text-figure 7. 



Depression of anterior portion of test. 


as a result of lateral pressure. At about 2 cm. from their apical 
ends the two ambulacra begin to widen out until, at their oral 
ends, they are as wide as the normal ones. At a point a little 
nearer the peristome the plates, especially those of column a in 
amb. Ill and of column b in amb. IV, gmdually assume the 
normal composition and character. Interamb. .3 is correspondingly 
affected by the depression of the test. Its plates are much 
reduced in width throughout its length, especially those of 
column a. 
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5. On a new Giant Salamander, living in the Society’s 
Gardens. By E. G. Boulengbr, F.Z.S., Director of 
the Aquarium. 

[Received January 2, 1024 : Read March 4, 1024.] 

The Zoological Society early Inst year received a notification 
from the Marques.s of Sligo, who was then in Peking, that 
whilst recently visiting Hong Kong he had come across a giant 
salamander which was living in captivity in the Botanical Gardens 
there, and that he had prevailed upon Sir Reginald Stubbs, the 
Governor of the Island, to present it to the Society. Although a 
giant Chinese Salamander had been described by Blanchard* 
under the name of SifiboUlia davidiana^ b}^ most authorities the 
giant salamander of China was regarded as identical with 
Megalohairachus maximtis of Japan. I have myself examined a 
number of Chinese specimens in the British Museum collection, 
and can find no distinction betw'een them and the previously 
described Japanese species. We naturally assumed that the 
Hong Kong specimen would prove to be the well-known and only 
Old World species wliich occurs in the mountain streams of both 
Japan and China. On arrival in our gardens early in June, the 
salamander, a large specimen measuring 99 cm. in length, 
appeared to me to differ in various respects from any salamander 
previously recorded. Investigation showed that not only vras the 
head longer and flatter than in MegdlobcUrachua maximus^ and 
without the characteristic tubercles of that species, but that the 
nostrils were much more widely separated from one another. As 
a result of there being no prominent tubercles on the head, the 
eyes, which in M. maximus are sctircely discernible with the naked 
eye, are in this Hong Kong specimen quite prominent. I have 
therefore no hesitation in describing this salamander as new, 
and I name it Megalobatrcu^hm sligoi, after the Marquess of Sligo, 
who was responsible for securing the animal for the Zoological 
Society. 

Mbqalobatrachus sligoi, sp. n. 

Habit stout. Head large, very much depressed ; snout 
rounded; nostrils small, widely separated; eyes small but 
prominent ; the distance between the eye and the labial border 
contained three and a half times in the distance between the 
nostrils. Body squat, depressed. Limbs short, stout; fingers and 
toes depressed ; outer fingers, toes, and fibula bordered with mem- 
branes. Tail short, strongly compressed, finned, and the end 

* Compt. Rend. Acad. Paris, hxii. 1871. 
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rounded. Skin with a few minute tubercles on the body, none 
on the head ; a thick cutaneous fold along each side. Oolora- 
tion : — Brown spotted with black. 

Prom Megahhatrachua maximua it diifers, among others, in the 
following important points : — 

M. maximua, M, sligou 

Head flattish, covered all Head very flat, smooth ; one- 
over with prominent tubercles ; fifth total lengh. 
one seventh total length. 

Distance between eye and Distance between eye and 
labial border contained 1| times labial border contained 3| times 
in distance between nostrils, in distance between nostrils. 

The Marquess of Sligo has kindly provided me with the 
following notes on the history of this interesting batrachian : — 

“ In April 1920 there was an unusually violent storm of wind 
and rain in Hong Kong which did much damage to the Botfinical 
Gardens. Among other damage, it caused an 18-inch drain to 
be choked, causing in its turn the pipe to burst. The result was 
the scouring out of a long It^ngth of drain and much ground round 
about it. The giant salamander was found on the scour, having 
evidently been washed down from somewhere, and thrown out at 
the end. Since* its capture it lived in a circular basin 4 feet in 
diameter with 6 inches depth of water. It was fed once a day 
on live tadpoles. At times when the supply of tadpoles ran 
short, small quantities of raw beef were substituted. ” 

Sir Reginald Stubbs informs me that it is practically certain 
that the new salamander is not a Hong-Kong-born creature. It 
appears that specimens which have from time to time been 
brought over from the mainland and been placed in the fountain 
in the Botanical Gardens have escaped. It is therefore highly 
probable that the salamander under discussion is one of these 
animals. 



BSTBBSIBIdl EVOI.UTTON, WITH EXAMPIiES FROM FI8HEB. 175 


6. Reversible Evolution, with Examples from Fishes. By 
C. Tate Reqan, M.A., F.R.S., F.Z.S., Keeper of 
Zoology in the British Museum (Natural History). 

[Received November 26, 1923 : Read February 5, 1924.] 

Of all the so-called “laws” of evolution that have been 
formulated, that of the “ irreversibility of evolution” has perhaps 
a more general application than any. Such a. law as that which 
states that evolution involves a decrease in the number of 
elements of a metameric series has but little value, for there is 
plenty of evidence that their number may be increased ; but there 
are not many exceptions to the law of irreversibility, which states 
that an organ, once lost, cannot be redeveloped in its original 
form and that an organ, once changed, cannot revert to its 
original structure. After heaiing Bjiron Nopcsa’s remarks on this 
subject at a meeting of the Zoological Society on November 20th, 
1923, it seemed to me worth while to put on record some excep- 
tions to the law of irreversibility which appear to be less open to 
criticism than most of the examples that he gave. 

The LoricariidsD (c/. Regan, Tr. Z. S. 1904) are a family of 
Siluroid Fishes found in the rivers of South America, and are 
characterized by having the body protected by series of bony 
plates. If the evolutionary history of these bony plates be con- 
‘sidered we find that in the Selachians the body is covered with 
denticles which are structurally similar to teeth, that in the 
earliest bony fishes there are juxtaposed rhombic bony plates, 
or “ganoid scales,” on the surface of which the denticles may 
persist, and that in the earliest fishes with a truly homocercal 
caudal fin the scales are cycloid, that is, thin, rounded, and over- 
lapping, without denticles ; such cycloid scales are found in the 
more primitive Ostariophysi (Oharacinidse, Cyprinidae), but the 
more specialized Ostariophysi, the Siluroids, have lost them and 
are naked, unless they have secondarily acquired a covering of 
bony plates. 

bony plates of the Loricariidss differ in histological structure 
from ganoid scales, but on their surface they bear conical denticles 
which are formed of dentine and enamel. Here we appear to 
have a genuine example of the redevelopment of an organ that 
has been lost, although, perhaps, the fact that the Loricariidm 
have teeth in the jaws makes the development of structures 
homologous with teeth on the bony plates covering the body 
somewhat less marvellous. However, it seemed to me so curious 
that the skin of fishes, whose more remote ancestors had cycloid 
scales and whose more immediate ancestors were naked, should 
bS'Ve retained, or regained, the power of forming denticles of 
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the Selachian type over the whole surface of the body, that I 
gave Mr. 0. T« Carter some material and suggested that he should 
examine it; the result is that he has described these denticles 
aa formed of true dentine, capped with enamel (P. Z. S. 1919, ii. 
p. 321). 

The mountain streams of the Andes are inhabited by some 
dwarfed Loricariids {Arges^ or Cydopiim) that have lost their 
armoiir, and are naked, — in this reverting to the primitive 
Siluroid condition. In the armoured ijoricariidae the adipose fia 
is a triangular flap of skin, the anterior edge of which is supported 
by a strong movable spine; in some of the naked mountain 
forms it has the same structure, but in others the fin is more 
fleshy and the spine is reduced, and in others again the spine has 
disappeared and the adipose fin has reacquired the typical 
Siluroid structure; these differences are shown in the figures 
illustrating my monograph (Tr.Z.S. xvii. 1904, pi. xxi\ Here 
we have clear evidence that an organ has clianged, and has aftei*- 
wards inverted to its original structure. 
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7. Two iSkeletons o£ the Cetacean Pseudarca crastident Eroni 
Thorney Fen. By J. R. Gauuood, M.D.* 

[Received October 13, 1923 : Read Kovembcr 20, 1928.] 

(Plates Text-figure 1.) 

These two skeletons were found in a similar situation to that 
of the tyjie-specimen of this genus, which was first described by 
Sir Richard Owen (1846) in ‘British Fossil Mammals and Birds,’ 
p. 516. He says: — “In 1843 there was discovere<l in the Great' 
Fen of Lincolnshire, beneath the turf, in the neighbourhood of 
the ancient town of Stamford, the most complete example of the 
skeleton of a cetax'eous animal, which is now preserved in tlie 
museum of the Stamford Institution. The skull is almost entii*e, 
and some of the teeth are preserved in the lower jaw.” 

Sir William Flower (1884) states “ This skull is lost,” and in his 
copy, now in the British Museum (Natural History), of Gray’s 
Catiilogiie of Heals and Whales (1866, p. 290), there is a manu- 
script note by him, referring to the type-specimen of Fseudorca 
crassulem ; — “ lent to Prof. Owen and never returned. Secretary 
Stamford Institute, 1866.” 

I have imide inquiries at Stamford, and apparently the skull 
was not there when some of the contents of the museum were 
sold, neither is it at Lincoln nor at Spalding, to which places piirts 
of the collection were taken. 

Sir Richard named the animal Fhocmia crcLgsidens^ and com- 
pared the skull with those of Fhoccsna, m'ca^ F, melas^ and F, leuca^, 
lie regarded it as an extinct species “ until it should be proved 
that it still existed in our seas.” 

This proof was not very long in coming, for on November 24th, 
1861, more than a hundred of these animals arrived at dawn in 
the bay of Kiel, having strayed, like their ancestors, into narrow 
waters. About thirty were sepamted and one of these was killed 
in the harbour. It was a female sixteen feet long, wjis exhibited 
in Holstein, and finally bought for the University of Kiel. 

A plaster model w'as made and a photogmph taken. This 
last forms the basis of the woodcut which heads Sir William 
Flower’s English edition of Reinhardts Monograph (1866). 

Japha (1908, pp. 154-171) states that of this group the Malmo 
and Bastad specimens are in the museum of Lund, and that the 
Ystad specimen is at Ui)sala. He also gives a good account of 
the finding and disposal of this Baltic school. 


• Oommunioated by Sir S. F. Habubb, Sc.D., F,R,S., Vice-Pres. Z.S. 

t For explanation of the Plates see page 198. 

Proc. Zool. Soo.— 1924, No. Xll, 12 
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In the summer of 1862 three dead specimens were thrown up 
on the shores of the islands of Zealand and Funen. These were 
the Kefsnaes^ Asiiaes, and Middelfart specimens, which form the 
material of Beinhai'dt’s Monograph (1862-1866). They are pre- 
served at Copenhagen. 

Another specimeh, cast up on the c^olist of fitolland in the same' 
year, is at Qdteborgi 

In 1864, Mr.W. L. Crowther, of Hobart Town, sent two skulls 
to the museum ot the fioyel Cditege of Surgeons under the nnine of 

Blackfish." They were desetibed by Sir William Flower ( 1 864, 
p. 420) as Orca fneAcUdhcdisy hut afterwards he stated that no 
specific difference existed between them and Pseitdorca cragsidiKm, 
I^ter, other specimens were sent from Adventure Bay, Tas- 
iUatiia» Two are in the museum of the Royal College of Surgeons ; 
Okie is in the British Museum (Natural History), 1506 re, see 
[Flower^B * List of Cetacea, British Museum,* 1885 ; and a skeleton 
and a skull are in the Zoological Museum at Oamhridge Univer- 
sity. These two were presented in 1866. Tn addition, there are 
ill the British Museum a skeleton (6. 7.2S. 1, Travancore), pre- 
sented by the Director of the Trivandrum Museum^ and a lower 
jaw (47. 6. 2. 1 « 36l no locality). 

Cope P* ^^3) described a beak and mandible from off Pait.n, 

Petu, under the name of Orea destructor^ hut True (1889, p. 145) 
regarded the specimen as Identical with 1\ crasstdeiis* 

A specimen found on the coast of the Argentine in 1868 was 
sAnt to the museum of Buenos Ayres, and <le«cribed by Bn* ineister 
(1879, p. 638) as Globioepkalus yrayi and later as Pseud orca gra^i; 
he compares it with Glohioephalus sviueval oi Europe, and sbihs 
that he saw several of these swimming in the sea. An illustration 
of these makes them appear like Glohicephalus melas^ hut. True 
(1889, p. 145) lias no doubt that the skull is identical wiUi that 
of jP. CTCbssidens. 

True(l889, p.l44)has reported upon askull in the tJ.Si National 
Museum which was stfited to have come from the north-east 
coasti probably Davis Strait, but Miller (1921, p. 205) thinks this 
iA doubtful. There are also a mandible and beak with teeth in 
this museum. 

In l603, Ferguson described a speimen from Tmvnncore. Ills 
figure is i^produced in the British Museum Guide to Wliales, 
Porpoises, and Dolphins, 1909, 1922. 

Miller (1921, p. 205) described a much weathered skull and 
imperfect skeleton from one of the Aves Islands in the C^ai ibhoan 
Sea, 70 miles from the coast of Venezuela. It was receiveil in 
1883. Similar specimens were brought frtun Pichiliuque Bay, 
Lower California, in 1888. 

A skeleton, nearly complete, was found near PriTuietowii, 
Florida, and it appears probable that four individuals were 
stranded there. Miller also describes another specimen entered 
as having “ No Historyt** 

W. 11. B. Oliver (1922, p. 577) states tiiat in Maivh liMHl a 
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pcbool of several hundreds were strsnded on Long Beach^ Petre 
Bay, Chatham Island. These were identified by him, when he 
saw many of the remains in December 1909, as Pseud area 
croBsidenB. Teeth in upper jaw, eight in each side. Thire is 
also a cranium in Dominion Museum, Wellington, from Lyall 
Bay. 

Lastly, we come to the two specimens which are about to be 
desorib^, and which were dug up towards the end of 1921. 

Thus we see the number of specimens of which we have 
remains in museums is less than thirty altogether. 

A general account of Pseudorca crasBideTis is given by Flower 
(1883, p, 507), in which he states that he is unable to detect any 
constant difierences in perfectly adult specimens of the Danish 
and Tasmanian groups. 

Another general account is given by True (1889, p. 186), and 
he gives the synonymy on p. 143, coming to the same conclusion 
as Prof. Flower. 

On October 15tb, 1921, a tooth was brought to me by Mr. 
Aubrey, of Weyln-idge, Alconbury, on whose farm at Thorney, 
U>gether with a qiuuitity of bones, it liad been found. These had 
been found while earthing up the crop of celery. 

I identified the tooth, after having seen some of the vertebr®, 
as that of a whale, and Mr. C. Forster-CJooper suggested the 
possibility of the spei^imens being Pseudorca crasstdeuB^ which 
indeed they proved to be. 

'J'he site of the discovery was on Bassenhally Moor, a pert of 
the Oambridgeshire fens between Whittlesea and Thorney, a shoi't 
distance from the river Nene, which is artificially banket! up, the 
ground being at or near sea-level. This is not the old couise of 
the river, and the banking uus first done by Morton, Bishop of 
Ely, in the 15th century. The cut is known as IMortoirs Leam, 
but there is evidence that some banking of the fens was done 
during the iioman OiKsupation, and the Feu Koad ” lies a little 
to the soutli of the site. 

The soil consists of a black earth about 9 inches thick, 
overlying a yellow clay. As a result of cultivation and the 
removal of crojw, the eartli is rapidly getting shallower. Prof. 
Marr has examined specimens of the soil, and considers that the 
vegetable matter is recent and the clay a compaiatively modern 
alluvial deposit. 

The bones on being treate<i with n mineral acid leave no 
formed residue, but they do not appear to be minemlizcd. 
A piece of human bone which luul been buried four or five 
hundred ymra kept its shape, though completely decalcified by 
acid, and the same is true of a specimen from a round barrow 
in Somerset. 

It is stated tliat a boat wa« dug up in a neigbl>oiiring field 
some years ago, and a skeleton of Oremus orca was found in 
Whittlesea Mere when it was being dmined. This is in the 
Peterborough M useu m . 

12 ^ 
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These fens are continuous with those near Stamford, so that 
it is not impossible that my two specimens belonged to the same 
school as the specimen described by Sir Richard Owen, and the 
circumstances of their stranding in the head- waters of the Wash 
may not have been unlike those of the Kiel Bay school, which 
lost itself in the narrow sounds of Denmark. 

The two skeletons lay alongside each other with spines crossing 
in the caudal region, their heads pointing inland to the East and 
lying fully extended. The bones were not much disturbed, but 
one pectoral fin was washed back to the region of the tails. Borne 
time after I got these skeletons, 1 ascertained that Mr. Phillij)s, 
of Peterborough, had a mandible which, when placed in position, 
fitted one of my skulls. Apparently it was brought to him before 
the other parts of the skeletons were discovered. He has very 
kindly given it to me. 

The bones were of a light cream-colour except where stained 
by clay. They lay at the junction of the black earth and yellow 
clay already mentioned. I have treated them with shellac as 
they were rather friable. 

Many of the bones, and particularly those of tlio head, are 
much damaged. The latter were first found, and were much 
broken by labourers' tools and unskilful handling. Those which 
were got out by Mr. Forster-Coo)>er, Mr. Aubrey, and myself 
were less damaged. The first lot of bones made several journeys 
in a sack before they came into my possession ! 

I shall refer to the specimens as A and B, A being slightly 
larger than B. They are approximately 14 feet long, which is 
substantially that of other adult specimens. The other mcasuie- 
ments correspond generally. 

Age of the Specimens. 

Sir William Flower (1864, p. 469) has shown that this may' be 
determined by the condition of the osseous tissues. In the light 
of his account, 1 conclude that these two animals were nearly 
full-grown, for 

1. The spinous processes of the vertebrre are fairly rounded. 

2. A number of the vertebral epiphyses are ossified to the 

centra, viz. 

In A the 1st cervical to the anterior epiphyses of 2nd dorsal 
inclusive, and the 12th caudal to the end. 

In B the 1st cervical to the 6th dorsal inclusive, and the 
7th caudal to the end. 

3. The epiphyses of the humerus and the upper epiphysis of 

the radius are ossified to the shafts. 

4. The basisphenoid, presphenoid, and basioccipital are united, 

as is the exoccipital to the supraoccipital. 

These facts indicate that the animals were not young ones. 
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They wore not very old, for 

1. The epiphyses of the central portions of the spine are 

separate from the bodies of the vertebra?. 

2. The lower epiphyses of the radius and ulna are not com- 

pletely united to the shafts. 

3. The sterna have not all their segments united by bone. 

Lastly, since size is perhaps the most reliable factor in the 

d(i term illation of age, their length of about 14 feet corresponds 
with other known adult specimens of Pseudorca crassidens, 

I think, therefore, that my specimens A and B are young 
adults, and that specimen B is older than A, for 

Ti hjis more vertebral epiphyses ossified. 

The suture between the supraoecipital and parietal has closed, 
wliereas it is distinct in A. Though the suture between the 
supraoccipitjil and frontal is visible in B, it is much more firmly 
united than in A, in wliich, in fact, it was completely detached 
whf*u r received the bones. 

The mandible of A is not ossified at the symphysis, whereas 
that of B is (irmly united. 

Although the mandible of A is smaller than that of B, I think 
that there is no doubt that it fits the skull A, though this is 
hu ger. There is a similar disparity in the size of the upper jaws, 
whicli is a further indication that B is ohler than A, for all the 
jaw apparatus continues to increase with age. 


It would appevar hazardous to attempt to determine the sex in 
the absence of pelvic bones, which Eschricht (1806, p. 170) has 
shown in the cajse of the Northern species of Orca may be used 
for tliis purpose. 

However, the following points may give a slight indication 
thereof. 

Though the skull of A is slightly larger than that of B, the 
ridges for the attachment of muscles are not so well marked. 
This might he accounted for by the fact that it is younger, or a 
female, or perhaps both, for females are often bigger than males 
of the same age, and A is certainly younger than B. 

SirAVilliam Flower (1883, p. 470), quoting Fischer 1881, states 
that the mandible of the male of Delphinys Mphis is longer than 
that of the female, and the rostrum of the male longer and 
narrower, while in Delphimis tvrsw the breadth of the skull is 
greater in the female where the lieight is the same, ami the 
rostrum is broader at base and middle part. 

My specimens agree with this, but the beak of B is broader 
than that of A. 

Such evidence as there is points, I think, to A being female 
and B male. 

Of the two, that of A is in rather the better condition. The 
placing of the broken fragments in position has been somewhat 
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difficult, but 1 have been helped by the fact that there are two 
skulls, and by the loan of one of the Tasmanian skulls from Cam< 
bridge by Mr. Forster-Oooper. 

“ The following table of measurements (in inches) shows the 
relationship between A and B and Sir Kichard Owen’s Stamford 
skull, the Tasmanian skull above referred to, and the liefsnaes 
specimen of Reinhardt (1866) : — 


Cambridge. 

1. Length of skull, bock of 

B. 

A. Keiiihardt. Owen. 

condyles to end of beak... 

22,? 

24 

24i 

24-7 

26 

2. Length of beak fix>m notch 

3. Breadth of skull across 

poatorbital processes of 

10^ 

lij 

Ilf 

11-3 

12 

fi'ontals 

4, Bi*eadth of skull across zygo- 
matic processes of tem- 

13J 

14? 


14-7 

16 

porals 

6. Height of skull from lower 
part of condyles to occi- 

13i 

14i 

15 

15-3 

lOJ? 

pital crest 

9 

Of 

Of 

— 

9i 

6. Breadth of beak at origin . . 

7. Breadth of beak at middle 

part just anterior to pos- 

n 


8.1 

8-5 


terior tooth but two 

8. Length of alveolar series, 

H 


f,f 

8 

7 

lower jaw 

0. Length of alveolar series, 

? 

10 

9l’s 

lOi 

n 

upper jaw 

10. Ratio of length of rostrum 

H 

lOi 

n 

lO-.i 

Hi? 

to total length of skull ... 

•47 

•48 

1 -47 

•40 

•48 


. A comparison of these measurements shows that my two 
crania are smaller than the liefsnaes and Shimford skulls, and 
larger than the Cambridge one, which is that of a rather younger 
animal than A or B. 

The asymmetry which is characteristic of the genus is present 
in both skulls, particukrly in the bones of the facial region, 
those on the right being larger than on the left. 

The skull of A is larger than that of B, but the upper and 
lower jaws are smaller and the tooth-rows are shorter, indicating 
that though it was the larger animal, yet, owing either to im- 
maturity or sex, or both, the masticatory apparatus was on a 
slightly smaller scale. This is supported by the relative size of 
the tooth-sockets. The largest in A’s upper jaw is inch less 
in dnimeter than that of B, and the smaller sockets show a 
similar proportion. This difference is about the same in. the 
sockets of the lower jaw measured longitudinally, biit is not as 
great in their transverse diameters. 
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Sutu^ 

More of these are closed in B then in A . For example, the 
ocoipito-fi'ontal is entirely separate in the latter but united in 
the former, and a similar condition exists in the parieto-t(9mj)orA} 
and others. 

Temporal Fosea, 

The surface of tliis is convex above and behind, but concave 
below and in front ; it Is roughly square in outline except at its 
lower and anterior part, where the postorbifcal process of the 
frontal and the zygomatic process of the tempoml make an angle 
which is more obtuse than usual. The continuation of the 
occi[utal ridge, which forms its upper and posterior boundary, does 
iu)t form a paral)olio curve os descrii)^ by Reinhardt ( 1866 ^ 
p. 197), but rather an angle which approximates to a right angle. 

The other specimens of Pseudorca which I have examined show 
a more or less welbrnarked parabolic curve, as does Reinhardt's 
figure (1806, p. 107). Sir Richard Owen's figure (1846) corre- 
spomls in this particular with my specimens. 

Reinhardt (1866, p, 197) states that tlje parietal bone forma 
the highest point in the skull, and this is also the condition in 
the other skulls which I have examined. In both A and B, 
however, the nasal bones appear to stand quite as high, if not 
higher, than the parietal bone, in this respect being slightly more 
like Orcinus orea. 

The origins of the zygoma are present on the bodies of the 
nialars. 

Two ejir bones were found in the earth from which tji6 slfulls 
had been removed. I have attached one to each skull. 

The nasal bones are all four present. In A the right is 
2 inches, the loft 21 inches from tlie occipital crest, while in B 
these measurements are and 2| inches respectively. 

Both Reinhardt's description (1866, p. 197) and the Cambridge 
specimen from Tasmania show a distance of 8 inches. 

lioatrum. 

, This is shorter than the rest of the skull, and is regularly 
tapering in form, with no narrowing at the notch in B and yery 
little in A. 

In most of the other specimens I have examined this narrowing 
is marked. 

The breadth of the two premaxillse, together with the groove 
containing the vomer, measured opposite the notch^ is inches 
in A and 5 inches in B. The breadth of the two maxilla* at the 
same place is only 3 indies, eo the relatively greater width of 
the premaxillaD, characteristic of Pseudorca^ is well marked. 
The outer edge of the premaxiilw is straight in B and very 
slightly concave in A. The outer and inner edges are approxi- 
mately parallel to within alx>ut 2 inches of the end. 

This character appears to be vai^kble, and whereas in young 
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animals the outer edge tends to be concave, in older ones the 
outer edge is straight and pai'allel with the inner. This is well 
shown in the old specimen at the College of Surgeons Museum, 

The promaxillfiB appear on the pjilate for a length of 6 inches. 
They do not bear any tooth-sockets ; there is no trace of any 
rugosity on the upper anterior surface in eitlier A or B, It 
occurs in some of the Tasmanian specimens, and is shown in Van 
Boneden and Gervais (1880, plate 1.) from a specimen of Prof, 
Reinhaixit’s in the museum at Paris, R. C. S. 2983, the skull of a 
very old animal, does not show so much rugosity as the Cambridge 
skulls do, though these belong to comparatively young animals* 

Maxillce, 

The only maxilla which is complete is the right one of B, but 
in all four the tooth-sockets are of the same shape. Superficially 
tliey form a continuous groove, the septa only reaching about 
half-way up the sockets at the centre line, hut rising to palate 
level along the outer and inner edges. Thus they form inverted 
V-shaped partitions between the sockets. Neither published 
figures nor other specimens show this feature, and Sir Richard 
Owen’s woodcut does not indicate it, but he states that this jmrt 
was restored, 

Reinhardt (1866, p. 201) states that “the teeth are placed in 
deep sockets, which, both in the upper and lower jaw, are com- 
pletely sepai’ated from each other through their whole extent, 
but tliat the hindmost two sockets may coalesce, whereas tlie 
sockets of the teeth of the killers are most frequently only 
imperfectly separated,” 

Vim Beneden and Gervais (1880, p. 547) ngree with this 
description of Orca, They say “ los alveoles sont le plus souvent 
en partio coiifondus dans une memo gouttiere mais qui laisse 
entre chaque dent des cloisons incomplctes.” 

This grooved condition is not present in the lower jaw of B, 
but it is weU marked in that of A. 

It does not appear to be present in the other specimens I have 
examined. 

The tooth-line is 9^ inches long in A and slightly curved ; in 
B it is 10^ inches and straight. 

The maxillae are not ossified to the frontals in either case. 

The palatine bones are much broken, as are the pterygoids. 
I do not think anything can be sai<l about the relative position 
of the latter as I was only able to place one portion in position. 

Maridihles. 

These differ from each other considerably. In A the symphysis 
is not united, and is 3 inches long. 

Each bone measures 19J indies from the articular surface to 
the front end, and there are sockets for ten teeth on either side. 
The dental row is 9j’^ inches long. 

The septa between the sockets are very incompletely developed, 
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particularly in front, where they conaist of but little more than 
pilasters of bone on the outer and inner walls of the alveolar 
groove, with a bridging piece over the dental canal. Farther 
back the sockets are a little more complete. 

Sir Richard Owen’s woodcut shows a similar condition in 
sockets numbers 5, 6, and 7 on the left side of the lower jaw. 

The vertical plane of the sockets is twisted outwards as it runs 
forward, so that the anterior teeth look upwards and outwards, 
the posterior ones being almost vertical. 

In B the symphysis is firmly united and inches long ; each 
half of the jaw ineasurevS 20| inches, and there are sockets for 9 
teeth on each side. They are all complete, but several open 
freely into the dental canal below. The tooth-row measures 
10.{ inches. 


Teeth, 


Tlie dental formula based on the sockets present is 


A, 


8 . 8 
10 . 10 * 


B, 


8.9 

9.9* 


This formula varies considerably, as the following examples 
show' : — 


Vnn Benoden (1889, p. 69) gives 

10.10 10.9 9.9 9.9 8.8 11. U U .J\ 

10. fO 10.10 10.10 9.9 10.10 11.11 12.12* 

R. C. S. 2987 is ^ ; R. C. S. 2984 is g ‘ g- 


Fifty-four teeth are in my possession; some were given me 
by Mr. Phillips with the lower jaw of A. 

The crowns are curved inw^ard and conical; though some of 
the roots are nearly straight, others are much curved. 

The enamel is of a light bluish-grey colour, and corresponds 
Avitli Sir Richard Owen’s description of the Stamford specimen. 
It is white in all the other s{)ecimens 1 have seen, so presumably 
the grey colour is due to the action of the peat. 

At the neck the colour changes to cream and the roots are 
light yellowish brown, much the same as the bones. 

Tlie crowns are not much worn, but several show grooves on 
the lower part just above the neck, caused doubtless by the 
rubbing of opposing teeth. 

The roots in many cases are flattened on one or more surfaces, 
and in some even hollowed or fluted, so that a section is kiduey- 
shapod. 

Where the hollowed surface occurs it is probably the jmstcrior, 
for in V'an Beneden and Gervais (1880, plate xlix. 4 c, Oixa) it 
is shown as such. In addition, the teeth would lit in the jaw 
b«»t that way, taking into coiisideiution the worn surfaces due to 
opposing teeth. 
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Two of the teoth given me by Mr. Phillip* show extreme 
flattening on the sides, an proved by the sookeus they fit. Tliey 
are small one of them is the hindmost of the right side of the 
lower jaw of A. 

Sir William Flower (1683, p. 607) describes the teeth of Pssw- 
(lorca as cylindrical, and I think the teeth of my specimens are 
rather more like those of Oreitt^tiB area tlnin the ones which have 
been previously described. Many of them show a neck. 

The roots are closed in most cases, but some of the larger ones 
have an opening to ^ of an inch in diameter. This corre- 
sponds with lieiuhardt’s (1866) description, p. 201. 

The circumference of the largest tooth is inches and its 
length 3^^^ inches. The circumference of the crown is 2f inchc^s. 
ITiese are all larger tlian those described by lleiiiimrdt (18G6j or 
Sir Kichard Owen (184G), 

Tomer^ 

This bone appears on the palate to about the same extent ns in 
Sir Richard Owen’s figure and in the Middelfart and Refsnaes 
specimens described by Reinhanlt, but it shows more than in the 
figure (plate I.) of Van Beneden and Oervais (1880). It was 
much broken in A and B, ami though I have lilted the halves of 
the rostrum as closely as I could, there may be a little too much 
of the vomer visible. 

Vertebrw* 

The numbers present appear to be : — 

In A; cervical 7, dorsal 10, lumbar 10, caudal 17, some missing. 
In B: ,, 7, ,, 10, „ 11, ,, 18, ,, „ 

Other specimens give 

R.C.S. 2983 =c. 7, d. 10, I. 9, ca. 2.3. 

Il,C.S. 2984 =c. 7, d. 10, I 9, ca. 21. 

Reinhardt 18GG = c. 7, d. 10 or 11, 1. 9, ca. 21. 

A portion of the series was got under such conditions that it 
was reasonably certain they were in their proper se^pience. 
These were strung together, and remnin so still. Tliough there 
was some mixing of the bones, it was not very difficult to arrange 
tJie vertebne in a graduated series based on size and shaf»e. 

The atlas was allocated by its fitting on the occipital condyles, 
tliat of A being slightly the larger. TTie arrangement was tested 
by the number of epiphyses ossified to the centra, which was 
found to be greater in B than A. It included tlie known senes 
of vertebrae which were 2nd lumbar to the end in A, and the 
posterior point of transition from separate to ossified epiphyses 
was mckided in these. This corresponded with the state of 
ossification of the skull and jaw of A, and so made it pretty 
certain which specimen belonged to each skull. 
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Cervical YeriehVm. 

In A the first six of these are ankylosed, both by their bodies 
and spinous processes, forming a single bony ma&s. 

The arches are incompletely developed at the sides, forming 
incomplete canals for the exit of the spinal nerves. 

The transverse process of the axis is small, corresponding with 
lleihhardt’s (1866, p. 206) description, while that of the atlas is 
large and thick. 

The seventh cervical is quite free from the other vertebrie. It 
has a long transvere process and two articular facets on the body. 

Vain Beneden (1880, p. 550) states “son corps ne fournit pas 
do facette costale apparente.’’ 

In B the first five l)odies and spinous processes are fused, the 
neural arches being more complete than in A. 

The sixtli and seventh are ossified together, and the tmnsverso 
process of the seventh is not so long as in A. Two articular 
facets are present on the lx)dy, but they aie not quite so large as 
in A. 

The condition as to fusion in some other skeletons is : — 
Il.C.S.2983 ... 1-6 fused, 

ll. C.S. 2984 ... 1-5 „ 

British Museum 1-6 „ 

Cambridge 1-4 „ 

The British Museum specimen has a costal facet on the right 
side only. 

Dorsal Veriehree, 

These coiTesjwnd generally with Reinhardt's description, and 
are ten in number (possibly eleven in A). 

The bodies increase in length from 1^ inches to 4 inches in A, 
and 1 inches to 3^^ inches in B, 

The series is about 28 inches long in A and 27 inches in B, 
not allowing anything for the intervertebral fihro-cartilages. The 
first doi*sal is 1 1 times the length of the seventh cervical. Rein- 
hardt (1866, p. 207) states tlmt the first dorsal is scarcely longer 
than the last cervical. 

In A the posterior epiphysis of the second dorsal is the first to 
be free from the body. In B the anterior epiphysis of D 7 is the 
fii*st not ankylosed. 

In A the mamillary process can be distinguished from the 
anterior articular process, from the second to the seventh vertebra 
inclusive, and I think it can be made out in the eighth to a slight 
extent. In the last two it appears to be the nuunillaiy which 
persists. 

In B, however, this division is hardly to be made out in front 
of the third, and is very indefinite or absent from the sixth back. 

In both specimens the posterior articular process does not occur 
behind the sixth, and the anterior articular process does not 
clasp the spincMiis process f mother back than this. 
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Reinhardt gives this point as the seventh in the Middelfart 
specimen and sixth in Refsnaes. 

The transverse processes increase in length from before back- 
wards, and in A that of the tenth on the left side is thinner and 
more like that of a lumbar vertebra. 

There is a small spine on both sides of the body of the sixth 
vertebra of both A and B. It is situated where the costal facet 
would be. 

This spine is smallest on the left side of A and very largo on 
the left of B. There is a corresponding ridge and spine pointing 
inwards and forwards on the under surface of the transverse 
processes of both seventh dorsal vertebrje. It is not visible on 
the loft of B as it has been chopped off, but I think that the 
damaged part indicates its former existence. 

Reinhardt (18ftG, p. 208) found the condition in the Middelfart 
specimen, and described it as a vestige of the head of the seventh 
rib. 

The ridge is present on the under surface of the tmnsverse 
process of the seventh dorsal vertebra of the Cambridge skeleton, 
but there is no spine at the site of the costal facet. 

There is one epiphysial disc for which I cannot find a place. 
It is of such a size and shape that it would lit a dorsfil vertebra 
somewhere between the third and sixth; consequently it must 
belong to A, as in B these are united to the bodies. If this is 
so, A should have eleven domd vertebrae. 

We shall see that B has oiio more lumbar vertebra than A ; and 
if A had one more dorsal than B, it would make the totals the 
same. 

If there is one dorsal vertebra lost, A would have had eleven 
like Reinhardt^s Mhldelfart specimen. I have, however, not 
reckoned this missing vertebra in numbering the vcn tebrm. 

I have made inquiries, but can find no trace of it, and we 
certainly examined the site very carefully. 

The ventral sui*faces of the bodies become somewhat lidged in 
the posterior vertebrae, forming a gradual transition to the keeled 
condition in the lumbar region. 

Lumbar Vertehrce. 

In A there are ten and in B eleven, Tlieir chai*acters appear 
to bo as described by Reinhardt, but the forward inclination of 
the transverse processes continue as far back as the sixth. 

An exception is No. 2 of A, in which they make a right angle 
with the longitudinal axis, 

Ccmdal Vertebrm, 

I have considered the last lumbar to he the most anterior of 
those bearing a bifurcation of the posterior part of the ventral 
keel on the body, and the first caudal to he the one next behind 
this, which also in both A and B is the first to have a perforation 
of the root of the transverse process for the passage of the dorsal 
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branch of the caudal artery. This foramen is much smaller in 
the second of A than in others. 

These vertebrae form a gradually diminishing series, and at the 
1 6th in B the major diameter suddenly changes from the vertical 
to the transverse where the tail fin commenced. 

In both A and B, 18 caudal vertebrae were found. In A, 
however, I think numbers 13, 14, and 15 missing, so the last 
vertebra present is the 2ist, whereas in B the last is the 18th. 

The terminal vertebne are missing, though we searched the 
ejirth in the situation of tlie tails very carefully. 

The anterior articular processes disappear after the ninth in A 
and the seventh in B. lieiuhardt (1866, p. 212) gives this as 
the fifth. 

The last vertebra to bear anything resembling a transverse 
process is the eighth in A and tenth in B. Where this has dis- 
appeared there is a vertical canal through the side of the body. 

The respective lengths of the skeletons, excluding soft parts, is 
made up as follows : — 


A. 

ft. in. 

Vertebra? and skull 13 7 

Caudal 1 3, 1 4, 1 5 missing 0 6 
„ terminal „ 0 2 

14 3 


B. 

ft. in. 

Vertebrae and skull... 13 9 
Six terminal vertebr® 

missing 0 4|- 

14 1| 


Chevron Bones, 

Sixteen of these wore found, so that half the number is missing. 
They coiTesj>on<l with Ueinhardt^s description; in one the lateiul 
halves are separate. 

Bibs, 

Parts of thirty-nine were found. Most are fairly complete, 
but they were very fragile and difiicult to get out of the clay. 

The first six ribs have both a head and a tubercle, the others 
a tubercle only. 

Text-figure 1. 



Probably a rudimentary rib. 


The first pair are very broad, the second transitional, and in 
fact they corres|K)nd with Keinhaitlt's description. 

Twenty sternal ribs wei’e found, so that not many are missing. 
There are three slender anterior ribs. 
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Iltt A six {)air» have beads for articulation with the live pairs 
of notches in the sternum, two articulating with each side of tl»e 
fourth segment. In B one is missing, but fragments indicate 
that the arrangement is probably the same as in A. 

There is a fmgment which appeals to be that of a rib. It is 
smaller than any of the others, and of somewlmt different shape. 
It has only one bead, but there is a flat projection on the jKisterior 
border | inch from the hejwl which soinowliat resembles the 
process for articulation with the next ti-ansverse process as seen 
in PUUaniata* 

Siemum. 

In A this consists of four segments ; the two anterior only 
are ankylosed. The greatest width is 7^ inches and length 
18 inches. 

The perforation in the manubrira exton<ls to the anterior end, 
so that it has the form of an elongated notch. There is tl»e 
appearance, however, that the open end was filled in with 
cartilage. 

In B only three segments Were found, and all arc firmly 
united. Apparently, however, the fourth segment was free. 

The grejitest width is 5] inches and length 15 inches, to wliich 
sliould be add^l about 2 inches for the fourth segment. 

The perforation is completely surrounded by bone and is smaller 
than in A. 

Uyoid, 

In A this consists of five pieces. The basi-hyal is a T-shaped 
bone showing two cratereil projections at the front en<l of the 
central piece for the cartilaginous attachment of the stylo-hyals, 
while the thyro-hyals were joined to the lateral ])rojections, 
forming with them a crescent. All bones were joined by 
cartilage. 

In B the basi-hyal and thyix>-hyals are ossified together, 
forming a crescentic short-stemmed T. The stylo-liyals weie 
united tc) hasi-hyal as in A. 

The hyoid bones of A are distinctly Inigor than IJ, but the 
maximum spread is the same, viz. 10| inches. 

ScapviUe, 

The two scapulfB got out by the workmen were much broken, 
but the others are in fairly good condition ; fortunately one 
belongs to each individual. 

In A the glenoid cavities are 2^^ inches in greatest diameter. 
The maximum length is 12| inches, and height inches. The 
ridges for the attachment of muscles are poorly marked, and the 
supraspinous fossa is quite nariow, ^ inch wide. 
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In B tha glenoid cAvitieB are 2^ inohen in diameter, and the 
length and height are 12| and inches respectively* 

The bone ie a little deuber than in A and the suprafipinoue 
foaiia a little wider. 

The acromion and coracoid processes in the left scapula of B, In 
which alone they are uninjure<l, show a rougheneil margin, as do 
the upper borders whei« they are present. These processes 
appear broa<1ei‘ than those of the British Museum and Cambridge 
skeletons, but these are less mature. 

Humerus, 

These bones are massive and just under 5 inches long, 
measured from tlie tuberosity to the lower articular surface. 

The tuberosity shows a snuiotli surface ns though it articulated. 
All four are similar and in very good condition. 

RaiHm and IHm. 

The first is about inches long, ^ inch longer than tlie 
liumeruR, The ulna is 4*^ inches long and the olecranon process 
well marked. It is ossified to the shaft. 

(5 my (18()6, p, 290) states that the ulna is nearly twice the 
length of tlm humerus. 

'iMie lower epiphyses of the ulnpR are more firmly ossified to 
their shafts than those of the radii, which are broken away in 
l>l:ices. 

The humeri, radii, and ulnm of A arc very much like those of 
B, and I do not think it is possible to distingaish them with 
certainty* 

Caa'pue, 

Nino carpal hones were found. They are all flattened on their 
outer and inner surface, and show no ai'ticular facets. 

Jlfonns* 

Sixteen phalanges were found ; none are terminal, and all hoar 
eviilenoe at tfie ends of incomplete ossification. They were 
scattered, several lying under one of the sen pula?. 

In conclusion, it would appear that these two skeletons were 
dofiosited ill one of the head-wnteia of the Wash at sonic time 
since the early Neolithic, and befoi'© the llomnn period. They 
may lielotig to the same school as the tyt)eKsp(H*irnen of the genus, 
which is lost, and although tliey diow some dii!eri>nces fi'oni the 
8|>eoimens which have come from the sea in recent years, yet 
tliese dijQTerenoes are probably not sufficient to he consitlored 
specific. Perhaps the most roraarkalile variation is that of the 
teeth and tootli*s(xikets, which ai’e both somewhat like those of 
Orcinus area ; but the fact that the ooudition of the sockets is 
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very different in the lower jaws of these tw’o animals, which lay 
side by side and are otherwise so similar, must make one hesitate 
before attaching any specific value to such variation. 

I am very much indebteil to the following gentlemen for their 
kind help and encouragement, without which it would have been 
impossible to write this description ; — Mr. R. F. Aubrey, Mr. 
R. H Burne, Mr. Forster-Cooper, Sir Sidney Harmer, Piof. Marr, 
and Mr. Phillips. 

I have given specimen A to the Museum of Zoology, Cambridge 
University, and specimen B to the British Museum (Natural 
History). 
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EXPLANATION OP THE PLATES. 

Plate 1. 

Fij?. 1. Skull of fspefimoii B from below, ehowitig alveolar gi'oove. 

2. The Mime from above. 

Plate II. 

1. Skull of H from the right side, showing height of nasal bones niid bhapo 

of temporal fossa. 

2. Upper view of mandible of 1), complete tooth sockets are seen. 

Plate III. 

Fig. 1. Scapnlo) of A and B with corresponding humeri, mdii, and ulmr; one ulna 
IS the natural colour. The largo size of the ucrumion and coracoid 
processes is seen. 

2. Sternum of H. The fourth segment is missing. 

a. Steriiuui of A. The ])erioratioii in the manubrium is incoiujdete. 
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8. Further Observations on the Myology of tlie Pectoral 
liegion in Fishes. By E. W. Shakn, B.Sc., Ph.D., 
F.Z.S., Biology Master at Oiindle School, 

(Text-figures 1-4.) 

[Received October 22, 1923 : Road February 19, 1924.] 
r. rntrcxluction. 

II. 'Phc Myoloj^y of tlie Pectoral Region in Lepido$iren and Tof^plertts, 

1. The Lateral Muftclc. 

2. I’lie PwJtoral Oiidlo. 

3. The Pectoral Fni. 

III. The CMeitliro-hyoideus Muscle in tlio Teleoatei. 

IV. The l)<;?ret's of ILjuiohifry heti«eeii the Muscles of tho Pectoral Region in 

various Orders of Fishes and in Urodele liiitrucliiuns (with Key). 


I. Introduction. 

The following observations are supplemental to two previous 
papers on the myology of tisbes: the first, “ On the Nature of 
the Jjateral Muscle iu Toleostei” (Proc. Zool. Hoc. 1914), paved 
the way for tho second, ‘‘The Comparative Myology of the 
Shoulder (Girdle and J^ectoral Fin of Fishes” (Trans, iloy. Hoc. 
Fdiulmrgh, 1919). The notes and drawings for this latter work 
were made before the w-ar, and at the date of their publication 1 
had neither the time nor the opjK)iTunity to complete the 
programme which I iiad undertaken. T'he Dipnoi were left 
untoueheil, and though figures of Poh/pterua were dmwn they 
were not descril>ed. Moreover, beyond a Key to the comparative 
myology, no general conclusions were arrived at. The monograph, 
however, incomplete as it admittecily was, leii to interesting 
corresponderu^e with other workers bl>th at home and ahi-oad. 
Stimulated by this, and at the instance of my fi iend Pi of. 
D. M. 8. Watson, F.R.S., F.Z.S., on the first available oppor- 
tunity I resumed my studies at tlie point wdiere they had been 
relinquished. I am indebted to Prof. Graham Kerr, F.R.S., 
F.Z.8., for the specimens of Lejndoairen and Polypierus upon 
wliich my obseivations are based. 

11. The Myology of tub Pectoral Region in Lepidosire.x 

AND PoLmmiva. 

1. The Lateral Muscle. 

The composition of the lateral muscle of the other Osteichthes 
conforms closely with that of the Teieostei, consisting of four 
series of hollow cones, two above and two below the latend 
lino. In the pectoral region four areas can still be traced ; of 

IS’* 
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these, the two dorsal are completely severed from the two ventral 
by the passage of the horizontal septum which runs from beneath 
the lateral line to the vertehree^ There aie no red fibres in 
connection with the lateral line. 

Lepidosiuen. 

In Lepidosiren several peculiai-ities of the lateral muscle are 
worthy of special consideration. 

The general arrangement of the lateral imiscle behind the 
pectoral girdle closely resembles that of rolypierus, except for 
the greater thickness of the ventral body- wall. Tiiis resemblance 
may be due in part to the fusiform shape of the body which is 
shared by both forms. At the same time it diHers widely fjom 
the condition which has been described in a fusiform Teleestean, 
namely, Conger, In these presumably primitive forms the 
myomeres remain more nearly in juxtaposition to the vertebra} 
which bear them ; or, in other words, tiiey form very much 
shallower cones than are found in the Teleost myomeres. Thu 
dorsal posteriorly directed cones, large in Polyjittrust in Lepido- 
siren so far preponderate as entirely to exclude the smaller 
anteriorly directed cones fi >m appearing at the surface. Owing 
to the great thickness of the abdominal wall the conical structure 
of the ventral moiety is retained almost as far forward as the 
pectoral girdle. A very thick fascia separates the dorsal from 
the ventral moiety. 

The superficial divisions of the lateral muscle of Lepidosiren are 
illustrated in text-fig. 1. In the side view (A) the latero-dorsjil 
portion is seen as a massive muscle whose fibres slope mther 
steeply from below anteiiorly to above posteiiorly ; it has a very 
extended origin upon the whole side of the skull as far forward 
as the eye. The venti-al moiety anterior to the tip of the 
pectoral fin is divided by distinct fascije into superficial areas as 
well as into layers. The superficial areas ai e numbered similarly 
in each of the drawings A, B, and C ; of these areas 4 is con- 
sidered to be the latero-ventiul portion, the remainder derivatives 
of the mesio-ventral portion. 

On making a mid-ventral longitudinal incision (as in C, win. to 6) 
a distinct fascia is found completely separating a thin outer layer 
from a thick inner layer. Following the incision posteriorly the 
fascia is found to disappear in the 0th myomere behind the base 
of the pectoral fin; here the fibres of 5 become confluent with 
those of 4. Dissecting from the mid- ventral line to the right 
(t. e. left of the animal) and then upwards the whole of 1, la, 2, 
and 6 come away readily from the underlying part, 3. B shows 
the appearance of the left aspect after the superficial muscle 
layer has been removed ; ventrally are seen the cut edges of 1 a, 
2, and 6. I have not encountered this continuity of muscle from 
the mesio-ventral portion to the mandible in any other gioup of 
fishes. 
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Part 3 18 a masRivo muscle taking origin on the hyoid and 
passing hack beneath the })ec*torjtl fin to be inserted in part 4 ; 
the pectoral girdle is embedded in this muscle (where it is shown 
as by transparency in B), but there is no fascia to delimit a 


Text-figure 1. 
Br.a. 

I 



Lateral Muscle of Lej)Ulo»irai (X 5 ). 

A. lioft aspect, sujHjrticial. H. U'ft asiicct, doejKJr layer. 

C. Ventral aspect, Huperiicial. 

branchial ap<*rtnix*; 7/,y., h>oi(l; L.lL, Utero-dorsal portion; X7., lateral 
lino; J/.n., mainlible; pccttjvul tin; P.,y., iKctouil ^nille; T., tongue. 
1, 3, 4, 6 , purls of the vimtiul moiety ot the lateral nmscle. 

cleithro-hyoideuB such aa is found in the vast majority of 
Osteichthes. The parts 3 of either side are separated by a thin 
vertical septum near their origin, and a little further hack 
become widely separated by the pericardium, of which they form 
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tW lateral walls. Part 4 overlies part 3 to a certain extent, and 
its free edge can be dissected away from the portion of 3 which 
underlies it as far as the wavy lino shown in B ; at this level the 
fibres of pai’ts 3 and 4 become intermixed. By the 7th myomere 
behind the base of the pectoral tin (one behind the tip of the tin) 
all trace of areas and layers is lost. 

Parts 1,1a, and, to a great extent, 5, serve to depress the 
mandible. Part 3 serves to retract the hyoid and thus lower 
the tongue. Part 2 serves as a constrictor of the pharynx ; its 
deeper fibres, especially in the forward area, run ol)li<|uely to the 
superficial ones (as shown in 0); thus its power of enfolding the 
pharyngeal cavity is greatly increased. 


POLYPTERUS. 

Owing to the relative straightness of the myocommata in this 
form there is little external evidence upon which to define a 
mesio-dorsal from a latero-do!*sal portion. Tlie greater hulk of 
the dorsal moiety runs forward beneath the pcctoinl girdle 
to take origin on the occii^ut. In the pectoi-al region the gieater 
part of the muscle, judging by the direction of its fibres, appears 
to belong to the latero-dorsrl portion. 

There is also below the lateral line very little distinction 
between the latero- ventral and the mesio- ventral portions. 

Internally, in the dorsal moiety, the upper posteriorly directed 
cones are so large as almost to obliterate the lower on. s. Owing 
to the position of the anus, the coniciil structure of the ventral 
moiety is pi-actically non-existent; it is composed almost througli- 
out its length of a single layer covering the abdominal cavity. 

2. The Pectoral Girdle. 

Lepidosiren. 

The great reduction of the skeletal elements of the shoulder- 
girdle exhibited by Lepidosiren results in considerable departni-e 
from the normal distribution of the shoulder-muscles. No skeletal 
element occurs above the articular cartilage of the fin, the said 
cartilage being connected to the basi-occipital by a strong liga- 
ment (such as occurs in many Teleosts). No prirt of the dorsal 
moiety of the lateral muscle contributes to the fixation mus- 
culature of the gii'dle. The ventnil symphysis, formed here by 
the clavicles, is embedded in the deeper layer of the rnesio-ventrnl 
portion, as was noted above. In conse<][uence of this it makes no 
appearance on the ventral surface, as is the case in almost all 
other fishes ; and, as a further conse(|uenee, there is no retractor 
mesio-ventralis pectoralis inferior, nor any muscular connection 
between tbe girdle and the mandible. The general relations of 
the girdle to the lateral muscle ai'e shown in text-fig. 1, while 



TUB PBOTORAL HBOION JN FISHES. 


199 


2 illustrates the dispositions of the smaller muscles. 
Humphry* has worked out the myology of Ceratmlns^ and the 
synonyms cited below refer to his observations on tljat type. 


Text-Egure 2. 



Lrft n‘«po<*t, after removal of constrictor muscles, and almost the mil ire mosio- 
vmitml portion lif h*lt side. A,, articular cnrtilojrc iiiMn-tum of 

p-l.v.p); cemtoyhttl (cut) ; ligaiiiciit ; X./., lateral line ; 2’., tongue 

For other letters hcc text. 


(1 ) The Posterior Muscles, 

(а) I'^orsal absent. 

(б) Retractor latero-ventralis pectoral is. 

(c) Retractor mesio-ventralis peetonilis, 

(b) Retractor latero-ventrcdis pectoralis (r.l.-v.p.) ; synon. Ser- 
ratns, Humphry : — 

Tlie muscle is part of that numbered 4 in text-fig. 1. It is a 
thin sheet traversed by myocommata, and is attached to the 
posterior l)order of the articulai cartilage, as well os spreading, 
to a slight extent, upon the adductor miisclo of the fin. Only the 
dorsal fibres of the latero- ventral poxtion (muscle 4) are inscrtctl 
on the girdle, and may therefore he Sixid to constitute the retiactor; 
the muscle spreads ventral ly to the fin over muscle 3, but it is no 
longer inserted on the girdle. 

(c) Retractor imsio ventralis pectoralis (r.m.-v.p.) ; synon. 
Pectomlis (and l*atis.siirjus dorsi ?), Humphry. 

Ry reference to text- fig. 1, li it will be seen that the whole 
girdle of either sale is embedded in a mass of muscle numbered 3. 
The mass is derived from the niesio-venti’al portion of the Jateial 
muscle, though not comprising the whole of that portion, and 
those fibres which are attached to the posterior border of the 
girdle must function as retractors. At the same time there is no 
fascia to distinguish a deiinite retractor muscle from those parts 
of the same mass which run forward, externally to the girdle, to 
take origin on the ceratohyaK 

• **Tho Moscleaof CermMusp Jouru. Anat. ami Pby«. vi., 1873. 
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The r.TD.-v.p. tlmsi constituted takes origin from the wliole 
posterior border of the girdle, underlying at its upper extremity 
the r.l.-v.p. described above. 

The homology of this muscle is somewhat obscure, but it 
apparently represents in part the r.m.-v.p. su}). nnd me<l.of other 
fishes. The r.m.-v.p. inf. is undoubtedly wanting in Lepidosiren, 

(2) The Anterior Muscles, 

(a) Doi*sal wanting. 

(/>) Protiactor hitero-ventralis pectoivdis. 

(c) Muscles derived from the iiioMo-veii(.r.*i] portion: 

(i.) Levator pectoralis. 

(ii.) Oleithro-branchiales. 

(iii.) Claviculo-hyoideus. 

(b) Protractor latero-ventralis pectoralts (p.l.-v.p.); synon. 
Trcpeziiis, Humphry : — 

This is a small muscle which runs from its oi igin on the basi- 
occipital, parallel to the ligament mentioned above, to its insertion 
oil the anterior outer border of the articular cartilage. Its 
tendinous insertion is in part continuous with that of the r.l.-v.p. 
over the outer surface of the articular cartilage ; furtlior, since 
the libres of the two muscles also take the same direction, there 
can be little doubt that tliey belong to the same portion of the 
lateral muscle. 

(c) Muscles derived from the mesio-ventral portion : 

(i.) Levator pectoralis (l.p-) ; syuon. Sterno-cleidomastoideus, 
Humphry ; — 

This muscle is represented by a very slender plate of fibres 
which forms the posterior rim of the branchial chamber. Fmm 
its origin on the basi-occipital, iminejliately hcmeatli the pro- 
tractor, it runs almost vertically downwards to be inserted on the 
inner border of the cleithrum. Home of the anterior fibres, 
beading sharply forward near their insertion, extend beneath the 
origins of the cleithro-branchiales. 

(ii.) GleithrO’hranchialis externus fcli.-br.ext.) : — 

A small, but well-defined, strap of muscle taking origin from 
the inner upper .surface of the cleithrum and passing forwards to 
be inserted on the lower posterior rirn of the second branchial 
cartilage. Beneath this lies a smaller, but nevertheless distinct, 
muscle which runs to the lower posterior rirn of the third 
branchial cartilage; this constitutes the cleithro-brnnchialis 
intern us. 

The cleithro-branchiales thus difler in their nioile of insertion 
from the condition to be observed in all other groups of the 
Osteichthes. This may be due in part to the extreme reduction 
of the branchial skeleton in general and of the two posterior 
arches in particular; at the same time it suggests an arrangement 
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njore nearly akin to the segmental plan of the generalised fish 
type such ns occurs in existing Elasmobranchs. 

(iii.) Clavimdo-hyoidtua (cla.-hy.) ; syiion. Coraco-hyoideus, 
Humphry ; — 

Tnking origin on the swollen ventral extremity of the cera- 
tohynl, the whole of whose posterior circumference it grips, a 
stout muscle runs directly backwards, expanding laterally as it 
goes. This muscle is illustrated in text-fig. 1, where it is denomi- 
nated 3, and in the context its insertion is fully discussed. The 
innermost fibres run to the pectoral girdle where they are 
inserted into its outer surface, both into the clavicle and the 
clei thrum. These fibres constitute the claviculo-hyoideus, as 
shown in text- fig. 2 {cla,hy,)\ it is clear, however, that they are 
in no way delimited from the remaining fibres of muscle 3, 
although they are separated by a tolerably distinct fascia from 
their fellows of the* opposite side. 

The clavico-hyi>ideus of Le^pidosiren is not readily comparable 
with that of the Chrondrostei or with the cleithro-hyoideus of 
other 0^teichthes. In few other fish known to me does any 
portion of the muscle which runs from the hyoid arch to tlie 
pectoral girdle pass that structure and become directly confluent 
with the ventral hody-w’nll. The condition is certiiinly not to be 
regarded ns primitive, for it finds no parallel in the Chondrichthes 
On the other hiunl, it cannot entirely he nttriVmted to the reduc- 
tion of the shouMer-girdle, the lower half of wdiich (especially 
the ventral symphysis) is not nearly so redncc^d as is the case in 
many other Osteichtlies. We have here, in fact, an approach to 
the condition in the Amphibia, where muscles completely in\est 
the ventral aspect of the girdle, so that none of its skeletal parts 
appear beneath the skin (with the exception of the newly 
intemilated sternal elements). 

PoLYPTERrS. 

(1) The Posterior MmeUs* 

(a) Retractor dorsalis pectoral is. 

ih) Retractor latero-vontralis pectoral is. 

(c) Retractor mesio-veiitnilis pectoralis: 

(i.) superior. 

(ii.) raedius. 

(iii.) inferior. 

fa.) Petractor dorsalis pectoralis (R.d.p.) : — 

The great mass of the dorsal moiety runs forward henentli t]>o 
girdle to be inserted on the skull, but a few of the superficial 
fibres are inserted into the inner aspect of the su]>raclaviclo a? d, 
to a less extent, of the cleithruin. These fibres constitute a 
retiRCtor muscle ; and since there is no distinct division hetw^een 
the mesio dorsal and latero-dorsal portions, it seems well to 
designate it simply retractor dorsalis pectoralis.” It is illus- 
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trated in text-fig. 3, B, but the main point of insertion is higher 
lip than the termination of the index line. 

(b) Retrcmtor laUrO'Ventralia pectoralia — 

A very few fibres from the latero- ventral portion succeed in 
reaching the girdle immediately below the lateral line, where 
they are attached to the inner aspect of the lower postclavicle. 

(c ) Reimctor mesiio-ventralis pecioralis : 

(i.) Superior (Il.m.-v.p.snp.) : — 

This muscle is clearly shown in text-fig. 3, B ; it is not attached, 
as might appear to be the case, to the lower post clavicle, but runs 
beneath that bone to be inserted on the inner aspect of the 
deithrum. 

(ii.) Medms \ — 

Does not appear in either of the illustrations, but it may bo 
defined ns that section of the mesio-venti al portion which occupies 
the axil of the fin. It ends in the fa-scia which covers the 
ailductor muscles of the fin. It is not clearly <lcfined, liowever, 
either from the ^‘superior” or the ‘‘ inferior” section. 

(iii.) Inferior (R.m.-v.pdnf.) ; — 

As is seen in text-fig. 3, A, this is the only one of the series of 
retractors which is not traverseil by myocominata right up to its 
point of insertion. The muscle is thin and is attached throughout 
its depth to the posterior rim of the cleithnim. 1’lie K.m.-v.p.inf. 
of either side are sepai'ated from one another by a marked septum 
in the mid-ventral line. 


(2) The Anterior Afiiacles, 

{a & h) Protractor pectoralis. 

(i.) Anterior. 

(ii.) Posterior*. 

(c) Muscles derived from the mesio- ventral portion : 

(i.) Levator pectoral i.s. 

(ii.) Cleithro-branchiales. 

(iii.) Oleithro-hyoideus. 

(a & b) Protractor pectoralis anterior (P.p.ant.) : — 

This is a .short compact muscle running from the otic region of 
the skull to the inner aspect of the supraclavicle ; it is seen in 
text-fig. 3, B. Beneath it lies a smaller muscle which I propose 
to call the protractor pectoi*alis posterior. 

From the nature of their origins and insertions as well ns from 
their functions, these two muscles appear to be homologous with 
the similar pair which occur in all O.steichtlies. At the same 
time it is worthy of note that they appear, from their position 
high above the lateral line, to be derivatives of the dorsal moiety 
(a) rather than, of the latero ventral portion {h) ; in the absence 
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Pectoral muaculttiure of Poljfpterus ( X 1). 

A. Ventral iuipect» after removal of constrictom. D. Loft Juterul uApoct. 

Sr,ntn,t Bi’anchio-mondibularis ; Cli,, Cleithrum ; Coratoliyal. 

Muecles as in text* 
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of devf'lopmontal evidence, however, it does not appear to be 
justifiable to alter the noinencUituro on this account. 

(c) Muscles derived from the mesio- ventral portion: 

(i.) Levator pectoralis : — 

A cylindi’ical muscle running from the basioccipital to the inner 
upper aspect of the cleithrum. It does not appear in text-fig. 3, ii, 
being hidden by the suprabranchial constrictors ; it runs parallel 
with the ligament (shown in the illustration as a white streak 
immediately above the constrictors), and just ventral to it. 

By reason of its direction it functions rather as an additional 
protractor than as a levator, but, from its general topography, 
there can be little doubt of its homology with the levator 
pectoralis of Teloosteans. 

(ii.) Cleithro hranchiales (Cli.-br.): — 

I find three distinct parts of this muscle which, arising close 
together on the inner aspect of the cleithrum, run iis follows (see 
text-fig. 3, B): — 

(a) Externas^ a short broad strap running almost vertically to 
the last ceratobranchial, just below the bend of that structure. 

(b) Literniis^ a cylindrical muscle taking origin inside the 
above and running obliquely forwards to the ventral extremity 
of the last ceratobranchial. 

(c) . Tertiu9^ a smaller cylindrical muscle lying between the two 
foregoing. 

I have lately had some correspondence with Proi. I). M. S. 
Watson about the cleithro-branchiales of Pohj^yteriis. Jh*of. 
Watson found that on one side of his specimen this miisch^ 
formed a single continuous sheet, while on the other it was 
divided into two distinct bundles. In the two specimens of 
P, senegalus dissected by me, and on both vsides of them, 1 found 
the same arrangement of the cleithro-branchiales wliich 1 have 
already illustrated and described. 1 therefore propose to ret^iin 
my original description, though it is quite possible that a cei'tain 
amount of variation occurs. 

(iii.) Cleithro-hyoideuB (clo.-hy.) : — 

A powerful muscle, devoid of inyocomniata, which, arising from 
the anterior face of the lower third of the cleithrum, runs for- 
wards to be inserted on the biiseof the hyoid arch. It is enclosed 
vcritrally by tho clavicle, but sends no fibres to that struct lire. 
In the mid-v^entral line it is contiguous with its fellow of tho 
opposite side, from which, however, it is sepaixited by a fascia 
throughout its depth. 


3. Tho Pectoral Fin. 

Lepibosiren. 

Owing to the extreme reduction of the pectoral fin in Lepulo- 
siren the muscles are excessively small and simple. The adductor 
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on the inner surface and the abductor on the outer each consists 
of a single compact bunch of fibres which, taking origin on the 
articular cartilage, is inserted on the basal cartilage of the fin. 
I can find no trace of iiuiscular tissue between tlio segments of 
the fin>axis. 

POLYPTERXJS. 

(1) Adductor. 

(i.) Adductor mperjiclalia (Add.s.): — 

A narrow strajr^like muscle which takes origin on the anterior 
border of the scapula, and, in |>artalso, of the coracoid. It runs 


Text-figure 4. 



Iniiftr n*5prct of left pectoral fni of Poljfpterv$ (X 2). 

(-7*., Cleitlinnii ; Cor., Coracoid; Mpt.j Metapteryj^ium ; Pt.cla , Fostcljuicle (llio 
iinl»*\ line runs to the upper) ; Nc’., Scitpulii. Muscles as in text. 

oblhpK'ly downwards to be inserted on the inotapterN gial ratlial, 
giving off* a few fibres to the inner border of the nietapteryginni. 

This muscle functions ns n dilator ratlier than as an adductor; 
but it evidently correspomls to the ad<l.s. of Teleosteans, whicli, 
in many cases, is also very small and only partially covers the 
add.p. 

(ii.) Adductor p^ofundm (Add.p.): — 

The largest muscle of the adiluctor series, arises at the junction 
of the sca.[)ula and coracoi<l, and spi*ea<ls fan-wise, gathering fibres 
from the fascia covering the Dil.p.ii., from the mesopterygial 
cartilage, and fixim the iiiefaptei*ygium, till it covers the w hole 
distal area of the inner surface of the fin. At their exti emity 
the fibres pass into a tendinous sheet which is iuserUd on ilie 
bases of the lepidotrichia. Some of the deeper fibies of Ibis 
muscle run obliquely (about 60 degrees) to those seen on ihc 
surface; there is no fascia, however, between the two sets of 
fibres. 

(iii.) Dilator posterior (Dil.p.): — 

From the fact that tliis muscle takes origin behind tho glenoid 
boixler it evidently belongs to the adductor series. It agrees 
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in position, moreover, with the dilator posterior whicli occurs in 
many Teleosteaiis, but differs from any such known to me in 
that it is divided into two parts (designated i. and ii. in text- 
fig. 4). 

Part i. is a triangular muscle which takes origin on the inner 
aspect of the cleithrum immediately above the centre of the 
scapula, whence its fibres run obliquely downwards to their 
insertion on the upper border of the propterygium; a number 
•of the doisalmost fibres, however, become collected into a 
tendon which, after forming the upper rirn of the fin muscu- 
lature, becomes inserted on the propterygial radial. This muscle 
is also partly visible from the outside of the fin, as a])pears 
in text-fig. 3, B. 

Part ii. has the shape of a flattened cone which, talcing origin 
at its base on the upper posterior border of the scapula, dives 
beneath the adductor profundus to its insertion along the inner 
border of the propterygium. 

These muscles serve to keep the upper suppoits of the fin taut, 
and so to dilate the fin, during the back stroke iuduced by tlie 
adductor profundus. 


(2) Abductor, 

( i . ) A hchictor superjicialis (A bd .su p. ) : — 

This and the other muscles of the abductor series are illus- 
trated in text-fig. 3. Abd.sup. is a thin sheet of inusido having 
an extensive origin on the outer aspect of the cleitliruiu. Owing 
to the fact that its fibres are inserted on the fascua which covers 
the abductor profundus, only a small ])ortion of the muscle, 
and this in the dorsal region, wiches the distal area of the 
fin ; no part of it, however, comes in direct contact with the fin 
^skeleton, 

(ii.) Abductor profundus (Abd.prof.): — 

Arising from the outer angle between the scapula and the 
cleithrum this large muscle spreads fan-wise, being augmented by 
contributions from the outer aspects of the propterygium, of the 
mesopterygial cartilage, and of the meta])terygium, Jt ends in u 
tendinous sheet which is inserted on the bases of the lepi<lotrichia. 
As in the ciise of the adductor profundus, some of the deeper 
fibres run obliquely to those seen on the surface; again, however, 
thei’e is no fascia between the two sets of fibres, 

(iii.) Dilator anterior (Dil.a.); — 

This muscle takes the form of a slender cone which, arising at 
its basal end from the outer aspect of the coracoid, runs along the 
'Outer ventral border of the raetapteiyginin on which its fibres are 
inserted. It forms the ventral Iwrder of the fin musculature, and 
is partly visible from the inner aspect (see text-tig. 4) as well as 
fzom the outers 
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III. The Cleithro-hyoioeits Muscle in the Teleostei. 

Cleithro-hyoidem. Synon. Sterno -hyoid, Stannius, Vogt & 
Yung; Retractor hyoidei, Owen; Hyo-pectoralis, McMurrich ; 
Hyo-ciavicularis, Hamburger; — 

A })owerfiil muscle which forms the ventral border of the gill- 
chaml)er. It has a double origin on the cleithruni ; the larger 
portion arises from the outer aspect of the cleithrum, usually in 
its lower third, while a smaller portion arises from the region of 
the symphysis, where it comes in contact with its fellow of the 
opposite side. The insertion occui*son tlic base of the hyoid arch. 
The muscle is usually much reduced in bulk as it approaches 
the point of insertion, bin Zeus forms an exception. 

In a few of the more specialised Teleosteans a part of tlie 
cleithro-hyoidtais l uns from its insertion on the hyoid external 
to the cleithrum so as to bfwmo conlluent with the muscle of the 
ventral body-wall {i.e. Retractor inesio- ventral is pectorulis in- 
ferior). This recalls the condition which we have observed in 
Le}ndomren\ but in no Teleostean does the unattached outer 
portion of the muscle so far prepondenite over the cleithro- 
hyoideus proper as is the <’asc in the Dipnoon. Specialisation in 
this respect Ims ajipai-ently taken place along various lines, and 
those which have come to my notice in the course of these investi- 
gations will now be considered. 

In most cases the ve.ntral symphysis of the two cleitbra is 
visible on removing the skin. In Tr 'ujla yttrnardus a cylindrical 
muscle runs on either side of the ventral midtlle line from the 
urohyal to the symphysis of tjie cleithra. At the stune time, 
another portion of the cleithro-hyoideus runs from the outer 
posterior bonier of the basibyal to the inner aspect of the 
cleithrum at the level of the origin of the cleithm-bi-anchialis 
internus. Between these two poitions a third is inserted on the 
biisihyal and runs clear of the girdle, between the pectoral and 
pelvic fins (where it narrows considerably), to become confluent 
with the ventral iKuly-wall. All three ptu'tions are separated 
from one another by fascice, and none show any trace of myo- 
commata. A precisely similar condition was found in Peri- 
ophthahiius. 

In Plennitis pholia the general disposition of the cleitlu-o- 
hyoideus is similar to that in Trigla^ but here the ventral portion 
of the cleithro-hyoideus proper i« much more in evidence than 
the upper outer portion. In MotdUi wustolu, on the other haml, 
conditions are reversed. The symphysis of the cleithra is scarcely 
visible, the ventral portion of the cleithro-hyoideus proper is 
reduced to a mere thread, and the outstanding feature on the 
ventral aspect is the large free portion. This upper portion 
difiers from that in tiie foregoing types in tJmt it arises on the 
level of the cleithro-branchiulis exteruus and is inserted on the 
upper aspects of the iiro- and basihyal ; there is, moreover, no 
distinct faschi between it ami the free ])Ortign. . 



208 


DB. B. W. SHANN ON TUB MYOLOGY OP 


In Pholis gunnellua, the symphysis is completely hidden by a 
muscle which runs direct from the urohyal to the rudimentary 
pelvic girdle. A large portion of the ventral muscle runs forward 
above the foregoing to be inserted on the posterior aspect of the 
basihyal ; this represents the free portion of the cleithro-hyoideus, 
but differs from that of the above types in that it is traversed by 
myocommata. Above this again, but not separated from it by a 
deiinite fascia, is the cleithro*hyoideus proper. 


IV. The Dborbes op Homology beween the Muscles of the 
Pectoral Region in various Orders of Fishes, and in 
Urodele Batrachiaus. 

(References as in op, cit,, and not as in this communication.) 

Attention was drawn in my previous paper (see Inti-oduction) 
to tlie chaotic condition of the myological nomenclature of tlie 
pectoral region in Fishes, prior to my work. After perusal of the 
text, and particularly of the Keys to the musculHtuie in Elosnio- 
branchii and Teleostei, my observation will he found to be justiheil. 
In adopting a uniform system of nomenchiture it was necessju-y 
to select one of two main lines of procedure : (n) to retain the 
existing names for muscles (giving precedence, in cases where 
two or more names had been applied to the samcj muscle, either 
to priority or to suitability), or (6) to introduce new njimes. 
After due consideration I decided to follow the f itter course. 
This has led, in some cases, to the coinage of such cumbersome 
terminology as appears to demand an exphination ; the exphma- 
tion, moreover, involves the discussion of a wider subject, namely, 
the morphological value of the new nomenclature. 

As a result of the investigations on the lateral muscle which 
were set forth in my previous papers, it was shown that a very 
considerable degree of similarity in the general build of the body 
exists in all the main Orders of living fishes. In the embryonic 
state the similarity is very much more marked than in the adult, ; 
but, even in the adult, at least behind the pectoral girdle, the latenil 
muscle retains a decided constancy of structure. The original 
nietameric segmentation of the body muscle is maintained; and 
although the individual myomeres are bent into conical form they 
are still separated (right up to the pectoral girdle or, at all events, 
close up to it) by myocommata. The division of the lateral 
muscle by a horizontal septum beneath the lateral line, giving 
l ise to a dorsal and a ventral moiety, is a consbint morphological 
factor. Of more doubtful value, however, is the further sub- 
division of each moiety into a lateml and a mesial portion. It 
has been shown, for instance, that though the conical con- 
formation of the lateral and mesial portions is fairly constant 
throughout the Ohondrichthes on the one hand, and the 
Osteichtbes on the other, yet between these two Snb-Classes 
certain discrepancies exist. The division of the moieties 



THR PRCrorUL REOION IN FIR f IRS. 


209 


into lateral and mesial poi'tions is at V)est not very cdearly 
defined, especially in the forward area with wliieh we are 
chiefly concerned, and one cannot artirni that it has nnv true 
nior]dmlo^ical valur‘. At the same time, its use foi' tlescrip- 
tive pur[K)ses is l>eyond <lonht, for it divi<les the lateral muHde 
behind the ;i;irdle into ;rronj>s whose probable liomo]o;[jy it wouUl 
lie ilidicnlt to <leny (scm* Key at #‘nd of section). Though the teian 
“ latero-dor.sa] ” is mciely dc.scriptix e of relative position, f(»r 
example, the teim “ Itetractor lati*ro-doi\salis pectoral is *’ is 
l»elieved to im[»]y a bomoloirons mu.scle in the \arions Orders 
in \\hi(di it occurs. Tlje fa<‘t that tlie majority of the muscles 
atta(died to the pectoral ginlle of fishes are merely fixation 
musedes, Jind not concerned uith its actual rnovemimt. gives them 
a greater constancy of arrangement than is found in the higher 
N’ertchrata. Tiiis e(»iistancy of arrangement first suggested to 
me the nnibnin system of nomcnelatiire which I was led 
to adopt. 

'fhe special imiscnlatnr#‘ of the pectoral girdle ami tin in any 
gi\(Mi ti^li devidojis as a seiies of ontgrowtbs from a ihdinite 
nnmher of m> ouieies. t hough, as < Joodrich { 38) has shown, the 
inirnhei* of m\omeres winch commence the contrihntion in tlu* 
emhryonic stag4' may 1 m‘ con^iderahly in aduince of those which 
actually form the mn.-culature of the adult (a certain definite 
projKu tion of the oi iginal nmside hnds being discnnled in tbe 
pro(‘ess of construction). 'Plie fact that mii«;cles are develo])ed 
from diderent emliryomc myom(*n*s in different groups of tish»‘s 
does not necessarily iinpl\ that they are not homologous. .\s an 
extriMiie e.xamjile of tlie argument one may cite the muscles 
of the pelvic tin in Teleostei ; the homology of these muscles 
tliroughout the Ordei* has ne\er heen (juestionetl, and yet they 
may he <le\ eloped fiom myomeres many places removed [e.y, in the 
Salmon ami the f’od). (banted Ihat^ homologous muscles art* not 
necessarily dt*ri\ed frtim numerically homologous myomeres, it 
follows eijually that we cannot look for them to be innervated hv 
mimei’ically homokigous nt*rvt*s. dims, for the pnrpos(*s of a 
general mytdogical classification one is eontined. to a large extent, 
to considerations of disposition ami nrraiigtmient of parts. Hut 
there are degrees of homology, and the closer the relationship it 
is desii-ed to show' hetwtam the myology of any tw*o types, the 
closer nni.st he the attention paid to myonieric dexelojiment ami 
to innervation, both embryonic and adult. 

Tlie homologies suggested by similar names in my classification 
are of tbe iiroad general tyi>e xvhicb 1 have specified above. 
a rough gauge of the <legree of homology which is implied, 

I shouhl suggest that it is comparable to that which exists 
between the pectoral myology of the Hatrachia and the Keptilia, 
hut it is not so close* n*s that which exists between any two (drders 
of those Classes respectively, i regard the hiatus hetTveen living 
Fishes and Amphibians in respect of their perdoral musculature 
Proc, Zool, Soc.— 1924, No. XIY. 14 
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as greater than that which exists between the latter and any other 
Class of Tetrapods. For this reason I have avoided tlie use of 
terms which are used in connection with Batrachiau myology. 
At the same time, I iiave dmwn attention to possible homologies 
which may exist l)etween the muscles of the pectoral girdle in 
Fishes and certain of those exhibited by Urodele Batrachians. 

Bearing in mind the foregoing proviso, we will proceed briefly 
to summarise the evidence collected on the various muscles of the 
pectoral region (c/. Key to tlie Oompnrntive Myology of the 
Pectoral Region, at end of section). 

( 1 ) The Posteinor Muscles, 

(a) Hetro/Ctor lateronlorsalis 2^ctoraHs (ii.l.-d.p.); — 

Usually small and only slightly <lifferentiated. In Batoids, 
however, it is well developed and devoid of inyocoinmata. Asa 
rule it is certain that the mesio dorsal •portion makes no con- 
trihution towards its formation; the Holocephali, however, form 
an exception to this statement, and for this reason tlie muscle 
has been named in that Order simply Retractor dorsalis pectomlis 
(R.d.p.). In the Holocephali, moreover, this and the succeeding 
muscles of the posterior series are more highly ditterentiated 
than in any other Order of living fishes. 

It is possible that this muscle, after being rotated into a more 
verticivl position, became the forerunner (d' the Jjatissimus dorsi 
of Urodeles. The origin from the dorsal element of the shoulder- 
girdle and the insert.iou on the dorsal portion of the l)ody- 
musctilAture seem to suggest something deeper than a merely 
mechanical resemblance between these two muscles. 

(b) Retractor latero-ventralis ikecioralis (K.l.-v.p.) : — 

Usually small and slightly differentiated. Better developed in 

the Chondrichthes than in the Osteichthos. Attains its highest 
development in the Holocephali, where it is divided into two 
distinct sheets (externus and internus). 

This muscle has been thought by Humphry and others to be 
homologous with the Herratus of Urodeles; a suggestion which, 
fiK)m the relative positions and proportionate sizes of the two 
muscles in question, seems quite possible. 

(c) Retractor meMO-rentralis peetoralis (R.m.-v.p.), 

(i.) Superior:-- 

Usually a large muscle wdiich may oi* may not cover the 
foregoing. Except in the Holocephali, it is traversed by 
myocommata close up to its origin on the girdle. 

This muscle, especially as represented by the Osteichthes, 
forms the lateral body-wall, and, almost undoubtedly, gave rise 
to the Obliquus of Urodeles. It is not actually divided into two 
sttperimposed layers, but, owing to retaining a trace of its conical 
formation, the deeper fibres run obliquely to the superficial, 
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(ii.) Medina : — 

Only attains considerable development in the Ghondrichthes, 
while in all Ordens of the Osteichthes it is greatly reduced, and 
in the Chondrostei absent. 

The H.m.v.p.med. is not represented in living ineinl)ers of the 
Batrachia. Its presence <lepends upon the occurence of a very 
wide glenoid lK)rder, such ns occurs in primitive fishes, but is 
gradually lost in the higher forms, while in living Batmchians it 
is reduced to a ball-and-socket joint. 

(iii.) hiferior : — 

Is almost invariably large and well defined, and frequently 
loses its myocommata before reaching the ginlle. The curious 
exception presented by Lepidoairen is discussed in section II. of 
this paper. 

This muscle forms the ventral body-wall, and Owen regarded 
ita I'esemblance to the Rectus abdominis of the Batraehia ns one 
of the surest homologies between the myology of that C^lnss and 
of the Fishes. 


(2) The Antenor Muaelea, 

(a) Protractor latero-dorsalis pectoralia (P.l.-d.p.): — 

Is undeniably represented only in Rhina and the Rays. In 
the Holocephali a very definite protractor occurs in the region 
of the <lorsal moiety ; but, as it appears to be derived from the 
inesio-dorsal portion (in part) as well as from the latero-dorsal, it 
has been name<l Protractor dorsalis pectoralis (P.d.p.), cf. the 
corresponding retractor in the Holocephali. 

It seems unlikely that a muscle which only appears in certain 
specialised Ghonrichthoi<ls should have a counterpart in the 
Batraehia. Nevei-theless, the muscle designated “ 22 ” by Owen 
(78, fig. 140) corresponds as closely in position with the P.l.-d.p. 
as does that designated *^1” (slatissimus dorsi) with the 
R.l.-d.p. 

(b) Protractor hiero-va'ivtrdlia pectoraMa (P.l.-v.p.) : — 

The muscle is clearly defined throughout the Elasmobrancbii, 
but is wanting in the Holocephali. 

In the Osteichthes the muscle, which I have there named 
Protractor pectoralis (P.p.), is divided with marked constancy 
throughout the Ot*ders into two closely apposed portions (anterior 
and posterior). A question at once arises as to whether these 
two portions are not homologous respectively with the Protractors 
latero-dorsalis and latero^ventralis pectoralis of Elasmobranchs. 
This supposition, if corr^t, would simplify the classification ; but 
the evidence is against its acceptance. In the Dipnoi and 
Chondrostei both protractors undoubtedly be]on|r to the ventral 
moiety of the lateral muscle. In the Polypterini and in some 

14 * 
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Telesfcoei, on the other hand, both protractors possibly belong to 
the dorsal raoiety, judging by their position high tip on the b^ly. 
In the absence of developmental evidence 1 have not altered 
the nomenclature on this account, but 1 have compromised to the 
extent of using the term Protractor pectonilis (omitting the 
committal latero- ventral is 

The Protractor pectoralis of Osteichthes is very suggestive of 
the Trapezius (= Protractor scapula', Owen) of llrodela, whicli 
is also divided into two parts, although these parts in the 
Urodele are more widely separated and more mobile. 

(c) Muscles derived from the mesio-ventral portion. 

(i.) Jjevaior }wctor alts (L.p.): — 

Whether this muscle is actually derived from theliitero-ventral 
or from the mesio-ventral portion would be difficult to affirm, 
and for that reason it has not been coupled with the term “ mesio- 
ventral ’’ in the nomenclature. Jn character and level of insertion 
it seems to cori’espond in many ways witli tlie Jletraetor niesio- 
ventralis pectoralis superior (though always smaller in actual 
size); it Iris therefore been classified with the mesio-ventral 
derivatives. Tlie main point is that iti all (Jrders, except the 
(Jhondrostei, a well-defined imiscle is found to run from the 
skull to the pectoral girdle at a level dt'cidedly lower tlian 
the protractor muscles described ebove. In Ost.eicbtbes the 
muscle is accompanied by a tendon, with which it may or may 
not be in actual contact. The relations of this tend >n to the 
bones of the axial skeleton and of tlie pectoral girdle have been 
discussed under the heading Teleostei.^' 

It is possible that the Levator pectoralis of Fishes is the 
forerunner of the l^evator scapula* of l^rodeles, but the latter 
differs in its origin, which is from the cervical vertebrae instead 
of from the skull. 

(ii.) Coraco*m*eucdis commimh (C.-a.c.) : - - 
A specialised part of the ventral mubculatme only found in 
Elasmobranchii. 

(iii.) Coraco-hranchtales, etc. :-~ 

In all fishes a rnuscnilar connection exists between the {sectoral 
girdle and the branchial apparatus. There is, however, a veiy 
distinct difference in arrangement between the Chondrichthes 
and the Osteichthes in this respect. 

In the Chondrichthes we find a more or less distinct muscle 
bundle running from the coracoid to tlie base of each of the 
branchial arches. These bundles are known as the coraco-bran- 
chiales (C.br, 1-5). , 

In the majority of Osteichthes muscle bundles run from the 
cleithrum to the posterior branchial arch only. These are known 
as the Oleithro-branchiales (Cli.br,). In Chondrostei there is 
but one such bundle. In Teleostei there are two, externus and 
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internus (the insertion of tlie latter is interna to that of the 
former, and its origin is higher up on the cleitljruin). In Poly- 
pterini a third cleitliro-bi-anchialis occurs between the externiis 
and the internus. 

In Lepidosiren we lin<l a somewhat intermediate condition 
between the Chojidriclithes and the remaining Osteichthes. Tliere 
are two cleithro-branchiales, and these are inserted on the second 
and third branchial cartilages respectively. 

This element in the pectoral musculature of Fishes has no 
counterpart in the adult Uroilele. 

(iv.) Co-raco-hyoUh^tSy etc.: — 

In all fishes a jmir of contiguous muscles, one on either side i>f 
the median plane, runs from the pectoral girdle to the base of the 
hyoid arch. The muscles are named according to the skeletal 
element of the girdle from which they arise : thus, in the Chon- 
driclithes we have a Ooracjo-hyoideus (C.-h3^), in Dipnoi and 
(Jhondrostei a Olaviculo-hyoideus (Dla.-hy.), and in Polypterini 
and Teleostei a Cleithro-hyoideus (Oli.diy.), 

The corat'o-hyoideuH of Elasmobranchii differs slightly from 
that of Holocephali in that it arises from the coraco-arcual 
septiim instead of from the coracoid cai tilage itself. 

There can be little.;doubt that the Sterno-hyoid of I'roileles lias 
been derived from ibis element of the pecUiral musculature of 
Fishes, though, as om* might expect, its relative size is much 
reduced. 

It is interesting in this connection to lind a “ Pubohyoideus" 
(Owen) in the Siilamander. This muscle, inserted on the hyoid 
and running back iu the ventral body-wall till it reaches the 
pelvic girdle, vividly recalls the curious condition observed in 
connection with the claviculo-hyoideus of /^pidosiren and the 
cleithi’o-hyoideus of certiun Teleosteans where a free jx)rtion 
of the muscle runs back, external to the jiectoral gii*dle, to 
become confluent with the ventral l)ody-wall. 

(V.) Conwo-Ityoniandihid'aris (C.-bm. ) : 

A very specialised modification of the veutiul musculature 
found only in L*aia of the types examined, and probably confined 
to the Batoids* 

(vi.) Co7*aco-maHdibfdarh (O.-m.): — 

A muscle highly developed in all Chondricbtlies. It is appa- 
rently wanting in the Osteichthes with the jicssihle exception of 
(Jeratodm^ for which Humphry ( 52 ) has described a “ Genio- 
coracoid.*' 

(3) The Fin Muscles. 

(a) Adduelar. 

The inner or up|)er musculatui’e of the fin which serves to draw 
it in towards the side of the fish. With the exception of l^epido- 
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siren (in which the fin is so far degenerate as hardly to he 
comparable with that of any other of the types selected)^ the 
adductor muscle is divisible into two superimposed layers, super- 
ficialis (Add.sup.) and profundus (Add.prof,). The two layei*s 
are not very clearly defined from one another except in the 
Polypterini and Teleostei. 

In Polyi}t€ru$ and in certain Teleosbeans there is a third 
element of the adductor series, which has been described aw 
Dilator posterior (Dil.p.), 

(b) Abductor. 

Tlie outer or lower musculature of the fin whicli serves to draw 
it forwards away from the body. It is divided in a manner pre- 
cisely similar to the adductor. Thus we have an abductor super- 
ticmlis (Abd.sup ) and an abductor profundus (Abd.prof.); in 
Lepidositen there is but one layer, uhile in Polypterm and in 
those Teleosteans which possess a dilator posterioi* we have, in 
addition, a dilator anterior (Diba.). 

In certain Teleosteans whose pectoral tins have become mo»lifie<l 
for [)rogression on a solid surface remarkable specialisation of the 
normally simple musculature occurs. The muscles of the pectoral 
fin of Lophius were described In some detail in this connection. 
Such cases, however, are rare, and do not detract from the value 
of a general nomenclature which is applicable to the vast 
majority of fish types. 

There is at present no evidence upon which to base t ven the 
vaguest comparison between the myology of the fin of any known 
lisli and that of the limb of any known Patnvchiaii. Both start 
as a series of ventral buds from certain definite myomeres, but 
thenceforward each follow’s its own course in building the adult 
structure, and ontogeny oftei*s as yet no clue to the phylogeny of 
the I'etrapod limb. 
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y. Notes on tlie living Tarsier {^Tarsius spectrum). 

By W. E, Le Gb(ks (!lark% F.R.(\S.Eng., F.Z.S. 

I Uiweivcd November 17, 1923 ; Head November 23, 1923.] 

(Plate !.♦ ; Text-tigiire 1.) 

Tlie work of couiparative* anatoiiiists lias of late drawn 
|)articular attention to the Tarsier lis representing an atiiinul 
which shows considerable afiiuitievS on the one hand to lemui-s 
and insectivores, and on the other to the anthropoidea. While 
the discussion which took place at tlie Zoological Society four 
years ago served to show that the views of zoologists regarding 
the jirecise systematic [losition of the Tarsier were not w^holJy in 
accord, it was agreed tliat, to whatever position it should l)e 
allocate<l in the order of Primates, the animal showed many 
features w' Inch allied it to the monkeys and even higher primates, 
and the geneiiil conclusion seems to be that it should be placed 
in a special subonler which occupies a position more or less inter- 
mediate betw’een the lemuroidea an<l the antiirojicidea. Jn 
connection witli the interesting anatomical features of the Tai’sier, 
it will [lerhaps be instructive to record observations which 1 was 
able to make on the living animal during the tliree years of my 
stay in Hamwak. 

1 must admit that 1 have never had the good fortune to see a 
Tarsiei- in the wild state. Many times I have wandered into the 
parts of the jungle where 1 knew the animal had been obtained, 
lint 1 was never rewarded for my trouble by seeing one myself 
there. The s|>ecimens which 1 kept in cajitivity were brought to 
me by 1 lyaks, who usually caiue across them while felling trees in 
the jungle during the day-time. 

The animal is readily caught, for when disturbed in the day* 
time, it makes no attempt at rapid escape, but usually merely 
turns its head towards the intruder with widely open eyes and 
slightly gaping mouth, often so adjusting its position that the 
bmneh to which it is clinging is kept between it and the 
tlumtened danger. 

Uahiiai. 

All the specimens of Tarsier which 1 have collected have been 
obtained in Harawak, and with one exception, all were captured 
in the neighbourhood of Kuching. They were all found in jungle 
of the secondai'y type, or in recently cleared primary jungle. The 
animal would ap[>ear to inhabit comparatively low*lying country, 


* Fin' f xpUimtion of Uio Blatc nee ptige 323. 
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tliu greatest altitude at Avhicli one of 1113’ specimens was found 
being between two and three hundred feet above soa.*level, at 
Bukit Siul, close to Kuching. 

Enquiries among natives failed to elicit anv information 
I’egarding the auiinal’s life in the Jungle, and there is no evidence 
that it builds a nest or lives in holes in trees as has occasionally 
been asserted. 

The Tarsier is usually found in single [)airs except at the end 
of the breeding season, when the female and young are found 
alone. 

Habits, 

When at rest the Tarsier clings to a vertical branch, the }>abns 
of the hands and soles of the feet closely a[)plied to the surface 
of the bark. AVhile the hallux is always veiT distinctly oppose<l 
to the other digits in gras[)ing the branch, this is not the case 
with the tx>llex. The animal is largely supported iu this vertical 
]>osition by its tail, the ventral roughened surface of which is 
pressed against the branch below. Tf the tail is ref ully lifted 
away from contact with the branch, the animal is deprived of 
some of its support and the bcly temls to sink down. If the tail 
now be let go, it sprin|L’S back sharply to its former position by 
muscular action. The tail is not in any wa-y prehensile in the 
true sense of the word. 

When the animal sleeps in this position, the head is allowed 
to sink forwards between the two upper limbs so that tlie tip of 
tlie head comes in contact with the branch to which it is clinging. 

' If disturbed, the Tarsier ustially hhifts its |K)sition (as described 
above), in order, apparently, to protect itself behind the branch 
to which it clings, and assumes an attitude of alei^tness ready to 
spring to another branch. Its ears are tniuied towards the source 
of any noise, and it opens its mouth partly, showing its sharp 
teeth. This latter action was de.Ncribed by Cuming ♦, and lias 
been noted byPocwjk as resembling the monkey’s Iiabit of }>aring 
its teeth when approached, and quite unlike the attitude adopted 
by lemurs under corre.sponding conditions. 

If disturbed further, the Tarsier will either leap to another 
branch and once more turn to face its pursue]* or, more often, it 
will stay its ground and show fight. In the latter case, if a finger 
is brought up close to it, the animal will usually make a dash at 
it, seize it between its two liands and, with tightly closed eyes, 
will endeavour to bite. One male Tarsier which I had was even 
Imlder, and would spring at the face of the intruder and blindly 
try to bite whatever portion oflered itself. 

The accuracy with which the Tarsier leaps from hmneh to 
branch in the day-time is astonishing, for, judging by the clumsy 
way in which it seizes food offered to it, it would appear to be 
unable to see very clearly in the sunlight. 

* Cuming, Proc. Zool. Soc. 183S. 
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The animal is seen at one iiiomeut clinging to a branch, and 
the next moment is clinging to another branch a yard away in 
precisely the same position, the observer catching a glimpse of 
the animal flying through the air with tail streaming behind in 
tlie very brief interval. 

On a flat surface the Tarsior progi-esses in a fashion very similar 
to that of a frog, by a series of iea}}s, landiitg again in a sprawling 
attitude. Only very cKJcasionally does it take a few stejis forwards 
in an awkward manner. 

With regard to food, 1 have only been able to peisuade the 
1 arsier to take grasshoppers and drink milk or water. On being 
ottered a gmsshopper, the animal stares at it for a moment or so, 
dniwing itself u[) ami adjusting its position so ns best to spring 
on the insect. This it does with both its forelimbs, seizing hold 
with its long fingers and raking in the moi'sel to its mouth, which 
is protruded forwards ns far as possible to assist in the capture. 

The animal sci'ews up its eyes very tightly when seizing its 
prey, and in the day-time it ap|)ears to find great difficulty in 
accurately locating the grasf>hop|>er, for it will often seize and 
bite the fingers or force[»s whicli hold the insect. The latter is 
crammed into the month ami scrunched np, protruding poi^iions 
lH»ing liel|>ed in by one of the hands. 

The careless and l»lnnderiiig way in which the Tarsier seizes its 
pi‘ey is in marked contrast to that of the slow Loris. This animal 
very direful ly surveys the insect from all sides, swaying to and 
fro in a curiously seqientine fashion, and then, in a flash, seizing 
it neatly with its two hands. 'Phe I'arsier takes milk by lapping 
w ith the longue. 

It is interesting to note the way in which the animal ]>erform.s 
its toilet. This is done by licking the fur after the manner of a 
cat, anil when the turn of the hind limbs comes, these are sup- 
]K)rted in a stretched-out iiosition by being gi'KS))ed witli the hand 
of the same side. 

The bind limb is useil for scmtching purposes, the digits of the 
|>es being flexed on to the sole in such a way that only the two 
claws on the secoml and third digits ai'e left protruding. 

With regaril to noises, the Tarsier is ordinarily silent on every 
occasion observed. The young, however, emit a shrill, almost 
inaudible squeak at short intervals if left alone. 1 once lieard a 
similar sound given by an adult female. She had, however, been 
injui*ed in the process of capture, and no doubt was sufiering 
pain. 

The YoiiHij. 

The Tarsier gives birth to a single young at a time. Tlie state- 
ment has been attributed to Hose in some Injoks that the Tarsier 
carries its young in its mouth as a cat carries her kitten. I have 
kept under abservatiou seven female Tarsiers and young, and 
have never been able to confirm this* On enquiring fi*om Dr. 
Uosei this author, in a private communication, tells me that he 
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has been quoted erroneously, and that be lias never made any 
statement of this kind. On the contrary, lie says that he has 
never seen the young carried in any other iimnner but the one 
which I descrilie, although some natives have told liiia that they 
are sometimes carried by the teeth. The statement in litei^ture 
probably eniaimted from Cuming, who stated in 18»*18 that he 
watched a female endeavouring to escaiie from its cages holding her 
baby in lier teeth. 1 can merely state that 1 hav e never seen this 
occur, nor have I been able to jiersuade the nativ es who brought 
me specimens to give evidence to supjxirt this statement. The 
young always cling on to the fur of the mother’s abdominal wall, 
grasping with both hands and feet, and are not in any way 
actively held by the mother. In this way the little animal is 
very often wholly concealed from view when the mother is in the 
resting position, clinging to a branch. 

On one occasion when the mother was sleeping in tlie jiosition 
already described, her baby was found sitting on the top of its 
mother’s bent head, clinging on to the liraiich above with its 
hands. 

At birth, the Tareier has readied a co m pa la lively advanced 
stage of development. The eyes are open, and though its move- 
ments are uncertain, the aniiiial can cling to a vertical branch, 
and scramble about the branches in a hesitating way. When 
disturbed it assumes an appearance of alertness, turning its head 
towai’ds the source of disturbance. During the first month of its 
life it is not able to leap from branch to branch, thoUj;h it can 
progress along the ground by a series of short jumps. At the 
Olid of three weeks the young Tarsier w ill take a gras.shop|a.r 
offered to it, but it is evident this diet does not agree with the 
animal at this early age. 

Tlie breeding season of Tarsim — in Sarawak at least — ap^iears 
to correspond to the season of the north-east monsoon, t.e. from 
October to March, and in this it agrees w ith other mammals on 
which I have made observations in Borneo. 

The following is a list of the embryos and young which I have 
been able to obtain, with the dates of capture. 


1. Embryo of 13-14 somites I )eceinbcr, 1 1120. 

2. Embryos,, 25 mm Oct. 30tb, 1921, 

3. „ „ 33 mm Oct. 18th, 1921. 

4. Early embryo (not yet sectioned) Dec. 8th, 1921. 

5. Foetus (prematurely born) Jan. 1st, 1923. ^ 

6. New-born young Jan. 6tli, 1923. 

7. Recently-born young (mateiiial uterus not 

yet involuted) Feb. 22iid, 1923. 

8. Recently born young Feb. 26tb, 1923. 


From these data it will be seen that impregnation may take 
place as early as October and m late as December, while the 
young are, as a rule, born in the early months of the year. 
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Omeml deacriptkn of Tarsius. 

Elliot, in his ‘Review of the Primates/ desoribes no fewer than 
seven distinct species of this animal, and, judging from tlie 
paucity of his nmterinl, it is to he very much doubted whether he 
is justified in making these specific distinctions. His descanption 
of Twi*8vm hon^eanua (Elliot) is admittedly based on the exami- 
nation of an immature specimen, and for this reason, and because 
his ilescription is not fully corroborated hy an examination of 
a larger number of specimens, I find it necessary to give here a 
Tiew description of the Jloniean variety. 

Taiisitts srECTnuM (v. borneanus). 

tleueral colour a hrowny-red with underlying mouse-grey. 
The eyeli<ls, cheeks, submeniil region, rump, and lateral aspect of 
thighs in the adult, and more especially in the female sex, are a 
l ust-red. Flexor surface of thighs and ventral aspect of base of 
tail whit ish-yellow. Ventnil surface of thorax and abdomen 
covered witli grey liair tip])cd with whitish. Black patch over 
anterior part of maxilhe at the side of the nose. Throat pale 
yellow. Ears dark red<lisli«brown, naked. Tarsi and haired 
portion of tail light luownish yellow, the caudal hairs l>eing 
tipped with darker reddish hrown. Along the inner surfaces 
of the thighs is a relatively bare area, very sparsely covered 
with hair. Dorsum of pes and manus dark hrown, palmar 
and plantar surfaces nnpigmented. Iris yellowish brown. 
The rufous colorHti(»n on the face, rump, and lateral surfaces 
of the thighs is voiy di.stinctly more marked in the adult 
females than in the adidt mah*s of my collection, and there is 
little douht that this may be regarded as a definite sexual 
feature. 

For the young animal the above description holds good except 
that the rufous markings are not so w'ell developed. 'I'he iris at 
birth has a definite blue tint, which rapidly facies as the animal 
grow’s, })assing thiough alight greenish-brown phase to reach the 
adult coloration. 

In the new-horn young the bail's on the tiiil are distributed 
more or less evenly fr<»m base to tip, and it is only when the 
animal reaches a stage of development corresponding to a weight 
of about .*h) grams that the terminal caudal tuft of hairs is well 
demarcated oft’ from the relatively bare proximal portion of the 
tail. 

Another interesting feature is that in living individuals 
recently born, the skin of the tail is marked off in alternating 
light and dark liands, wdiich though faint, are quite distinct. 

There is little to ad<l to the account by Pocock ♦ of the external 
characters of the Tarsier. This author denies the presence of 

♦ Pocock. ** On tlie External Characters of the Lemurs and Tarsiers,” Proc. Eool. 
800 . vol. i. 1918. 
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^eiml and carpal vibrissce in the animal. I have, however, 
found geiial vibrissie in all but two of my specimens, and 
they are situated in a position similar to tliose of Oalago and 
Heniigfllago. 

I l)ave not been able to distinguish cnrpal vibrissie in tlie adult 
animal, but there is a very distinct carpal vibrissa in the firtal 
specimen (pi^maturely l>orn) which I obtained. It is situate<l 
on a rounded eminence immediately proximal to the hypo> 
thenar pad (text-fig. 1). It is clear, therefore, that Tarsiua 


Text-figure 1. 



Fore liinl) of fcetnl Tarsicr, illuhtrntinp: the presence of a cariwil vihnssn. 


forms no exception in this respect to the majority of arlmreal 
mammals. 

The hair tracts of I'arsivs (as determined in the betal 
specimen j correspond accui’ately with the description given hv 
Schwalbe. 

With regard to the external proportions of the adint Tarsier, 
the following list re})resents the average of measurements of ten 
adult specimens. No sexual difference is noticeable in these 
p»-oportions. 


Body length (D.O.L.) 

Tail 

A\. 

... 154 ♦ 

Mu\. 

102 

Mil). 

149 

... 210 

224 

208 

Caudal tuft : 

... 05 

75 

55 

Head length 

... 42 

44 

40 

Head breadth 

... 53 

34 

32 

Braebium 

... 29 

30 

27 

Forearm 

... 40 

43 

39 

Manus 

... 45 

48 

43 

Thigh 

... 05 

70 

55 

fjeg 

... 04 

07 

58 

Pe« 

... 08 

71 

04 

Weight 

... 114 

142-5 

92-3 


llelow are appended the weights and proportions of three young 
Tarsiers. The first specimen (10 a) was obtained the day after 
biii.h (the animal having been born on the evening of capture). 
In the ease of the second specimen (No. 16), the maternal uterus 
was as yet incompletely involuted, so that the young animal may 


* Length ineasuvements are iu millnnetres, and weighti in gmms. 
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be assumed to have been but a few days old. The age of the 
third specimen (No. 18) is not accurately known, but since its 
proportions correspond very closely to the two former, it w’as 
ill most certainly conmaratively newly born. 


J^ength of hody(l). C. L.) 

Itt fl* 


18. 

100 

,, ,, tail 

93 

89 

' 80 

Head length 

— 


31 

Head breadth 

— 

— 

22 

Brachium 

14 

14 

14 

Forearm 

20*5 

20 

20 

Maims 

24 

24 

20 

Thigh 

30 

31*5 

30 



27 

28 

29 

Pes 

3« 

38 

38 

Weight 

23*1 

— 

24 


NoUff 04t th^ hldod 

In view of the Hjiinis made l»y some :uithorities for the very 
close athnities of Tarsias with man, it will be of interest to record 
the result of the precipitin test on the fresh blood of the animal. 
Witli the assistance of Dr. O'Driscoll, Pathologist to the Snniwak 
(lovernment, I carried out this test, using serum sensitized to 
human blood, and using as controls the blood of Man, Ncmm, 
/[iflohatfs^ J/acaras^ Xt/ciicf'has^ Sciartfs, and Felts. Positive 
results were obtainel with the fir.st tliree. The blood of Tarsias^ 
witli that of the other animals above meidioned, was completely 
negative. 

In conclusion, J shouhl like to express my gratitude to Jlis 
Highness the Kajah of Simwak in who«e service J Inul tiie 
honour of working and who granted me permission to collect and 
export the specimen.s which J obtained in Borneo, 

* TIh' nieu'snrt’uieuts of snenmeiiK are iii('om|)1ete ovvinpr to the fact that the 
uniinivl's uri'f ih'capitatv*! tv> >'L‘curo their skulU before the HieaBumneiit ^ were takeii. 


KXPLA NATION OF THK PLATF. 
Plate 1. 

Fiir. 1. Ffiiuilu Tttisicr with yuuiijf. 

2. Youujr Tarniei’. 


Fijr. 8. Allah male Tursier. 
I. Adult mule Tnr*‘ier. 
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10. Now Tree-Froo;s from Indo-Oliina and the Malay 
Peninsula. P>v Malcolm A. Smith, M.K.C.S., 
I..U.(\P., F.Z.S. 

(Plates I. -IJI.* and Text-fi^^iire 1.) 

August 28, 1923: Rwul February o, 1024.] 
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'ri\e Tree Fi‘(»gs acMjnived by mo through various expeditions 
(luring the last few }ears lia\e for one reason or another been 
set aside undeterinined. I ha\e ieo<‘ntly examined this aeeu- 
mul.ation of material, and the follow ing species in the eolltetion 
nfipejir to be mwv to Sci(*nce. 

'flu* types of tin* mwv species liere described have been pre- 
.sentecl to the Ilritish Mti.seum of Natuial Jli.story. 

Oilier s[>e(*ies which aie worthy of record are the following: — 
]ifiaco}>horus cnHetti Houlenger, 1890. 

Two specimens collected by Mr. V. J. Aagaaul at Hangnara, 
l^itani, J'oninsular 8iam. This frog has not pieviou.Nly been 
recordetl from the Asiatic mainland. 

Jihacop/iarns rei^rucoiius Poulengor, 1893. 

Many examples from the ]L<angbian Plateau, 8. Annain. To 
this species also 1 rofi’r the /iV/. carirostris recorded by Sclater 
fi’om Tenasserim (P. Z. S. 189(5, p. 34G). Dr. Annandale has 
kindly sent me the specimen for examination. 

Philauim vittatm (Boulenger) 1887. 

A common frog at Ta lliia in Centi*al Siam and Nong Khor, 
Sriraeha, 8.E. Siam, both localities being practically at sea-level, 
I have specimens also fiom Cap St. Jacrpies, Cochin C’hina. 

* For explanation of the Plates see page 2,‘U. 

Phoc. Zool. Soc. — 1924, No. XV. 15 
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Chirivahis durice Boulonger 1893. 

A-lso common at Nong Khor, wnero it lives iu company with 
the preceding species. I have a specimen* also from Ban Klien, 
Me Wang forest, N. Siam. 

Khacopiiorus ciiaseni, sp. n. 

Typo, adult female with ripe ova, author’s number 5972, 
collected by the Teku River, alt. 1500 m., (lunong Tahan, Malay 
Peninsula, by Mr. F. N. Chasen, of HalHos Museum, Singapore, 
in December 1921. I have much pleasure in naming it after 
him. 

Description of the type. — Vomerine teeth in two slightly 
obli(pie groups touching the anterior inner borders of the choana* ; 
tongue deeply indented, without papilla. Head longer than 
broad, much <lepressed, triangular in slia[)e; skin over tlu^ cranial 
region not adherent to the bone; snout acutely pointed, pro- 
jecting beyond the nostrils in a pronounced tip, much longer 
than the orbit; canthus rostralis distiTict; loreal region very 
oblique, concave ; novstril considerably nearer the tip of the snout 
than the eye; interorbital space nearly twice as broad as the 
upper eyelid ; tympanum distinct, tliree-fifths the diameter of 
the eye, its distance from the eye half its owui diameter, clearly 
visible from above owing to the uniisu.al slope of the temporal 
region. 

Outer two fingers nearly half webbed, iniuu* fingers slightly 
less ; discKS of the fingers as broad as long, two-thiids the si/e of 
the tympanum; toes fully webbed, their discs md- as large as 
those of the fingers; subarticular tubercles widl dcvelojitai ; 
a prominent inner metatarsal tubercle one-third the lengtli of the 
inner toe, no outer tubercle. Hindlimh slender, the tibia six 
times as long as broad, the tibiotarsal articulation rea(‘hing nearly 
to the nostril. 

Skin smooth above, strongly granular on the belly and below 
the thighs, throat smooth ; a fold from tlie eye to the sboubbu' ; 
a feebly deniiciil.ate dermal fold from the elbow along the outer 
siile of the forearm and Jmnd, another along the outer side of tlie 
foot terminating at the tarso metatarsal joint in a pointed flap 
a strong fold below the vent interrupted in the middle, and a 
denticulate fringe along the ramus of the lower jaw. 

Greyish above, speckled with darker; below greyish white. 
Inner fingers and toes paler than the outer; interdigital mem- 
branes dark grey. 

A second specimen collected by the Feilerated Malay Hiates 
Museum in the same locality does not differ much from the 
above. 

Rkacophorua chaaeni is closely related to 7*4. appeiidiculatita 
Giintber, from the Pliiiippine Islands. It differs in the narrower 
head and more oblique temporal region, in the broader web to 
the lingers and more slender limbs, an<l in the stronger dermal 
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fringes along the outer aspects of the limbs and lower jaw. To 
this species also I refer a specitiicii in the British Museum from 
Balingeen, Sarawak, and three more in the Hatties Museum, 
♦Singapore, from the Baram Hiver, K. Borneo, all of which had 
been identified as Rh, ajfpendkalaiua. 

Adult exaiij})les of Jih. appendicidaius (51 mm. from snout to 
v’ent) from South Mindanao, rectmtly sent me by Mr. Edward II. 
Taylor, have enabh*d me to compare the two species. Ounther’s 
figure (Cat. Batr. Sal. Brit. Mus. 1882, pi. viii. fig. 4) drawn from 
an immature specimen gives but a poor impression of tlie pro- 
nounced “ nose which the adult develops. It is nearly as large 
a.s timt of lih. cJiaseni, 


Measurements of chasen 

i in mm. 


No. 

6972 

(iOOC 

0626 

Sox 

? 

? 

? 

Snout to vent 

oO 

43 

60 

litMjgth of bead .. 

10 

16 

16 

limidtli of bead 

17 

17 

17 

Snout . . 

8-5 

7 

8’5 

Kyo 

5 

o 

6‘6 

Tn inpanuni 

3-5 

2*6 

3 

Korol i in 

30 

27 

28 

Hand 

13 

12 

13-5 

Hindliinb 

77 

70 

71 

Tibia 

27 

26 

26 

Foot 

20 

19 

21 

b(x*ahty , . 

Guiionjr Tuban. GunongTuban. ttaram l^ixor. 

HriAcopiionrs notatkh, 
Type, author’s number 

sp. n. 

2797, collected 

at Da ban, 

alt. 200 


Plmn Hang piv)vinc 0 , 8. Annam, in April 11)18. 

De.scription. — Head as long as broad, .snout rounded ; nostril 
nearer the tip of the snout than the eye ; loreal region nearly 
vertical; interorbital space as broad as the upper eyelid; 
tympanum indistinct, about half the diameter of the eye, and 
close to it. 

Outer two fingers two-thirds webbed, inner fingers less; discs 
of the fingers about as largo jus tym])anum. Toes nearly fully 
>vebbed, their discs smaller than those of the fingers; hubarticulai* 
tubercles well developed ; a small oval, inner metatarsal tubeicle, 
no outer ; outer metatarsals completely separated. Tlie tihio- 
tarsal articulation reaches the tip of the snout. 

Skin of the back quite smooth, throat smootli, belly and helow 
the thighs coarsely granular. A feebly developed dermal ridgo 
along the outer side of the forearm and foot. A fohl from tlie 
eye to the shoulder. 

Pale groy above with largo irregular black blotches ; limbs 
with dark bars. BelcAv white. 

Hemarks. — This frog was taken as a tadpole leaving the water 

15 * 
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and survived one week, during which time its colour changed 
completely. Its characters are therefore not yet fully develope<l, 
but live combination of webbed fingers, smooth skin, and unusual 
coloration are sulHcient to distinguish it. A second specimen has 
the dermal ridge along the outer side ot the limbs more strongly 
developed. 

Rhacopuorus calcaneus, sp. n. 

Type, male, author’s number 2409, collected at Langbian Peaks, 
alt. 2000 m., S. Annam, in April 1918. 

Descriptiom — Vomerine teeth in feebly oblique series, com- 
mencing opposite the anterior inner hordci s of the choume but 
not touching them. Head a little broader than long, moderatel}'^ 
depressed ; snout obtusely ])ointed, projecting feebly beyond tlie 
mouth, longer than the eye ; no.sti'iI ncsirer the ti]) of tlie .snout 
than the eye; canthus rostralis distinct; lorenl region ohlhjne, 
feebly concave ; interorbital space broader than U|)per eyelid ; 
tympanum distinct, three-fifths the <liameter of the eye, its 
distance from the eye lialf its own diameter. 

Oiitor two fingers three-fourths wchhed, inner tsvo one-fourths 
webbed ; discs of the fingers broader than long, that of the tliinl 
being larger than tlie tyjnpanuin. Toes nearly fully webbed, 
their discs smaller than those of the lingers ; subarticular 
tubercles well developed ; a small oval, iuner metatarsal tuhei'cle, 
no outer; outer metatarsals nearly complelely sejmrated. Tibia 
41 times as long as hro:ul ; the tihiotarsal articulation rcMiches 
the middle of the eye. 

Skin above cpiite smooth ; belly and under .surface of thighs 
coansely granular ; a strong fold from the eye to the shoulder; 
heel with a well-marked pointed termin.al tubercle; a rather 
broad feebly distinct ridge along the outer side of the forearm 
and another along the outer side of the foot ; a series of indistinct 
tubercles below tlie vent. 

Olive above (pale green in life when first caught), witli 
numerous small punctate dots of }>ale yellow, chiefly on the back. 

A yellow line extending from the tip of the no.se along the canthus 
rostralis and along the outer edges of the upper and lower eyelids. 
Upper lip, whole of lower parts and inner tiiree fingers and four 
toes pale yellow ; outer fingers and toes yellow and olive ; inter- 
digital membranes of outer fingers and toes with dark spots ; a 
round spot in the axilla and another — on one side only — in the 
groin. 

Nearest to llh, himacidaius Blgr., from the Malay Peninsula 
and Siam, from which it diflfers in the position of the votnerino 
teeth, in the feebler dermal ridge along the outer sides of the 
arm and leg and absence of .skin-flap above the vent, in having a 
tubercle at the heel instead of a flap, and in the sliorter inter- 
digital membrane. 

Type unique. 



INDO-CHINA AND THE MALAY PENINSULA. 


229 


Measurements in mm. 


Snout to vent 

38 

Foreliinb 

24 

I^ength of head 

13 

Hand 

12 

Breadth of head 

14*5 

Hindlimh ... 

65 

Snout ... 

6*6 

Tibia . 

. 11) 

K.ye 

6 

Foot 

16 

TyBiFaiium 

2*6 




Rhacopiiorus annamensis, sp. n. 

Type, male, iini([ue, antllor^s number 24r)0, collected at Daban, 
alt. 200 iij., PJian Ilan^^ province, S. Annam, in April 1918. 

Description. Vomerine teeth in almost straight trans\eise 
series commencing from the anterior inner ernls of the choame. 
Head slightly broader than long, much depressed ; snout rounded, 
feebly projecting beyond the mouth, longer than the eye; nostril 
a little nearer the tip of the snout tlian the eye; ca nth us rostral is 
fairly distinct ; loreal region ohlnpie, concave ; interorhitnl space 
l)roa<ler than up])er eyelid ; tympanum distinct, half tin* 
diameter of the eye, distant from the eye less than half its own 
diameter. 

Fingers broadly vvehhed, the membrane between the outer 
three lingers reaehing the discs ; discs broader than long, that of 
the third larger t Inin the tympanum. Toes fully webbed, their 

Text-figure 1. 




XU. x:i. 

discs considerably .smaller than tlio.se of the lingers; suharticnJar 
tubercles well ilevelopeil ; a small oval, inner metatarsal tnheich) 
one- third tlie length of the inner toe, no outer tubercle; outt r 
metatarsals separated to the base. Tibia A.\ times a^ long a.s 
broad ; the tibiotarsal articulation reaching the front, of the 
eye. 

8kin above smooth with sparsely scattered Hat tubercles ; 
belly and under surface of thighs coarsely granular ; a fold from 
the eye to the ‘ shoulder ; a well-marked fi inge along the outer 
side of the forearm and hand, another less prominent along tlie 
outer side of the foot; a tai'sal fold with a small tubeifle wliich 
is not continuous wdth the dermal fringe; a series of tubercles 
below the vent. 

I3rowui af'.ove with dark markings, the most conspicuous being 
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ail indistinct X upon the nape and dark cross-hars upon the 
limbs; sides mottled with brown and yellow; yellow beneath 
(white in life), the throat with a few brown spots. Interdigital 
membranes brown above, yellowish below. 

Remarks. — Bh, annamensis is closely rein led to Bh, pardalis 
Giinth., from Horneo and the Pliilippines. I have compared it 
with a specimen from Borneo And find it diflers in the following 
particulars : — 

In pardalis the snout descends almost \ ortically in front of the 
no.strils ; the space between them above is concave and the canthus 
rostral is is strongly marked. 

In annanieiisis the snout is [irolonged and slopes gradually 
beyond the nostrils; the space between them is fiat anil the canthus 
rostral ivS is not strongly mai ked. 

pardalis has a pronounced rudimentary pollex, annammsis has 
not; pardalis has a. strong dermal fiap at the heel which is con- 
tinuous with the friiififo alorm the outei’ side of the foot. In 
annamensis there is a small tubercle only which is not continuous 
with the fringe along the foot. 


Measurements of B/ii annamensis in mm. 


Snout to vent 

HI 

Forcliinh 

U 

Lengtli of head 

. . IH 

Hand 

.. 17 

breadth of head 

20 

Hindliiub 

02 

Snout 

0 

Tihia 

. 31 

Kve 

7 

Foot 

2H 

Tyinpaimir) . . 

3*5 




J^UILAUTUS L.EVIS, Sp. 11, 

Type, male, author’s num])er 24.‘U), collected .at Sui Kat, 
nit. 1000 m., Langbian Plateau, S. Annam, in iM.arch 1018. 

De.scriptioii. —General conngur,ation laniform. (-hoana* small, 
rounded, partly hidden by the edge of the jaw. Head as long ns 
broad, much depressed ; snout obtusely pointed, longei* than the 
eye, slightly projecting beyoml the mouth ; canthus rostralis 
fail ly distinct ; loreal region oblkjup, scarcely concave; no.'itril 
very near the tip of the snout, interorbital region broader than 
upper eyelid; tympanum distinct, half the diameter of the eye, 
its distance from it equ.al to its own di.ametei*. 

Fingers quite free, fir.st half the length of the third, fourth 
shorter than the second, disc of the third smaller than the tym- 
panum ; toes one-third webbed, their discs about as large as those 
of the fingers; subarticular tubercles moderate; palmar and 
plantar surfaces of the hands and feet smooth ; a small oval, 
inner metatar.sal tubercle, no outer; the tibiotarsal articulation 
reaches nearly to the nostril. 

Bkiii of the upper parts, throat, and chest quite smooth, 
abdomen and thighs feebly granular. 

Colour in life: Rich buff above with ill-defined darker longi- 
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tudinal streaks ; a pale yellow band on either side of the back 
from the eye to the iiip ; sides of the head and body darkish 
brown ; tymjmnuin reddish. Below pure white. 

This small frog is related to P, vittatm Blgr. from Burma, 
Siam, and Cochin China. It is easily distinguished from it by 
the distinct tympanum, shorter fourth finger, shorter web to the 
toes, and coloration. 

Type unique. 


Measurements in mm. 


Snout to vont 26 Hindlirab 30 

Length of head 8*5 Tibia ... 13 

Eye 3 Foot 10 

Foreliinb 13 

Hand 6 


PlIILAUTrS GllVLLUS, SJ). n. 

Typo, adult male, author's number 41K) 2, collected on Lingbiau 
Peaks, alt. 2000 in., Laiigbiaii IHateau, S. Annam, in March 
1918. 

Description of tyi)e. — Tongue deeply nicked behind, choanac 
small, rounded, not hidden by the edge of the jaw. Ileatl 
broader than long; snout pointed, longer than the orbit; canthus 
rostralis fairly distinct ; loreal region oblique, slightly concave; 
nostril a little nearer the tip of the snout than the eye ; inter- 
orbital region slightly broader than iqiper eyelid ; tympanum 
in<li>tinet, two-fifths the iliauieter of the eye. 

Fingers free except for a rmliment of a weh between the two 
outer; disc of the third as large as the tympanum. Toes a little 
more than half webbed, their discs not ijdite as large as thosi* of 
the fingers ; suhartieular tubercles single ; palmar and ]>laiitar 
surfaces of liamls and feet with numerors granules of une\eii 
size; a small inner inetatHrsal tubercle; outer metatarsiils 
separated for about two-thirds of their length; tlio tihiotarsal 
articulation reaches the anterior bonier of the eye. 

Ujjper pirts smooth except for small tubercles on the up]>er 
ejelid and head ; throat finely granular, belly and lower surfaces 
of thighs coarsely granular ; heel witli a small |>ointed appendage ; 
R series of tubercles along the outer side of the forearm and foot ; 
a fold above the tympanum. 

Above yellowish grey, uniform except for a few* indistinct 
darker markings, an )(-.shnped mark being just indicated upon 
the back. Yellowish white lieiieath. 

Variation. — Fifty-one specimens examineil show the following 
variations from the above. The tyin])aiumi in some adults is not 
visible at all ; the snout may he })ointed as in the type, owing to 
the presence of a (lermal lip, or lacking this is siihacuminate in 
outline ; the nostril may be etjuidistant between the tip of the 
snout and the eye, the interorbital region no broader than the 
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upper eyelid ; the toes may be two-thirds webbed, the membnine 
reaching the disc of the fifth, but not that of the third, and leaving 
two phalanges of the fourth free ; some examples have pointed 
tubercles upon the back. The male has a large subgular 
vocal sac. 

Coloration extremely variable. In life various shades of light 
or dark brown, green, yellow, or grey were met with. Many had 
a bright green patch on the snout, and patches of similar colour 
on the knees and round the vent. Some are uniform in colora- 
tion, others have a )(-8haped mark upon the back enclo.sing a 
dark patch and the remaining parts uniform or thickly speckled. 
A few examples are spotted with browji on the underparts. 

Remarks. — P. gryllm is most nearly related to P. aurifdsciaitts 
(Schleg.) and P. petersi (Blgr.), from both of which it differs in 
the shorter leg, more fully webbed toes, and in the fringe of 
tubercles along the outer sides of the limbs. 

This small Tree-Fi'og was common round our mmp at the 
Langbian Peaks ; it was also plentiful at Dalat, Candy, and 
Arbre Broye, localities some 400 metres lower on tlie plateau. 
One example wjis taken at Sui Kat, 1500 metres altitude. It 
frequented small bushes, chirruping at night much like a cricket, 
by which cry it could be tracked down with a lantern and caught. 
Thus it is that in spite of the large series obtained all of them 
are males. 


Measurements of specimens in mm. 


No 

4962 

2389 

2396 

Snout to veut .... 

25 

27 

27 

Breadth of head .. 

10 

11 

10 

Length of head 

8 

05 

0 

Eye ' 

3 

3 

35 

Snout 

4-5 

4’5 

4 

Hand 

To 

8-5 

8 

Legr 

37 

39 

37 

Tibia 

12 

13 

13 

Foot 

11 

11-5 

11 


The tadpole which I associate with this species was obtained at 
Dalat, and was common in a small stream there. 

Description, — Head and body about one-third longer than 
broad, not markedly depressed. Kostrils a little wider aptu't 
than the interocular breadth, ecpiidistant between the eye and 
the tip of the snout, which is rounded. Spiracnlum sinistral, 
pointing backwards and upwards, nearer the eye than the vent, 
which is dextral. Mouth subterminal ; a fringe of papillie at the 
sides and below; beak narrowly edged with black; upper lip 
with five or six rows of teeth, the first two long and continuous, 
the lower three or four broadly interrupted ; lower lip with 
four long rows, the uppermost of which is narrowly interrupted. 
Tail times as long as high, obtusely pointed, crests moderate, 
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subequal. Colour brownish, speckled above and on the sides with 
darker. 

Measurements of a well-grown specimen with budding hind- 
limbs: — Length of head and body 14 mm., breadth of body 
10 mill. ; length of tail 29 mm., greatest height of tail 8 mm. 

Philautus palpebralis, sp. n. 

Type, female, author’s number 2589, collected on Langbian 
Peaks, alt. 2000 m., S. Annam, in April 1918. 

iJescription. — Tongue deeply notched behind, no papilla; 
choan® small, rounded, partly hidden by the overhanging edge 
of the jaw. Head as long as broad, moderately depressed ; snout 
obtusely pointe<l, feebly projecting lieyond the mouth, a little 
longer than the eye ; nostril nearer the tip of the snout than the 
eye: canthus rostrnlis distinct; loreal region nearly vertical, con- 
cav^e; interorbital space as broad as the upper eyelid ; tympanum 
almost hi(hlen, two-tifths the diameter of the eye, its distance 
from the eye ec|Ufvl to its own diameter. 

First two fingers partially opposed to the others ; a rudiment 
of a web l)etween the outer two ; discs as long as broad, that of 
the third as largo Rs the tympanum. Toes half wel>bed, their 
discs smaller than those of the fingers. Subarticular tubercles 
well devjdoped, palmar and plantar surfaces of hands and feet 
with numerous granules; inner metatarsal tubercle one-third 
the length of the inner toe ; no outer tubercle ; outer mebitarsals 
separated for half their distance; the tibiotarsal articulation 
reaches the eye. 

Skin quite smooth except on the belly and lower aspects of the 
thighs where it is coarsely granular; a feeble fold above the 
tympanum. 

Reddish brown above, uniform, pale yellowish below, A 
yellow streak fri)m below the eye to the shoulder ; nictitating 
mombi’ane thickly speckled with brown. A gi'een spot on the 
occiput ill life. 

Philautiis pcilpebmlia appears to be mo.st nearly related to 
Ohirixalus dorur. Blgr., from Burma to Siam. It differs in the 
hidden tympanum and the shorter weh to the tws, in having 
the two inner fingei's less completely opposed to the outer, 
and in many otlior .small charactei*s which are evident on 
comparison. 

Type unique. 


Measurements in mm. 


Snout to vmt 80 

BrQa<ltli of head 0 

Eye 8 

Forelimb 19 

Hand 8 


Hindliiub 45 

Tibia 15 

Foot 13 
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EXPLANATION OF THE PLATES. 
Fl4TB 1. 

1. RhacoplMr%u chatenif sp. ti. 

1 M » >1 

2. Bhaeophoms notaier, sj). ii. 

3. ,, calcaneuSf op. ii. 

3 «. „ „ 


Plate II. 

1. Bhacophorus annamensis, sp. n. 

2. Philautus lavis, 8p. n. 


Plate III. 

Philautus palpehrahs, «p. ti. 
grtflluSi sp. 11 . 


2 a. 

3. 

4. 








P. Z. s. 1924, MOLE, PI. II. 
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P. Z. S. 1924, MOLE, PI. IV. 
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11. Tho TriniMud Snakc^s. By H. U. Molk, C.M.Z.vS. 

[Hefeuvnl OctohtT 2, 1923 . Head February 6, 1921. 1 
(Plates l.~X *) 

Thirty -eight snakes are cre<liied to the Fauna of Trinidad, 
Hritisli West Indies. Of these I Iiave not seen i)»re(*. Tliey are : 
(1) Typfilops reticnlatas, a \eiy .siuaill reptile, only .'100 nnn. long, 
whieh lives in the earth aud which is (piite hsiiinless ; (2) Bo(c 
diviniloynUy which i.s also found in Dominica and St. Lucia, and 
as many specimens from its other habitats have* been under 
observation, in tlie proper place a short account of it is included 
in this paper ; (.'{) J.ycognathns eeridnus, Tlie la.st -named belongs 
to the Opistimglypha, one or more of llie posterior maxillary 
t(*etli being grooved, ^fost of the Opist lioglyplis are in a slight 
degree poisonous, paialysing before <levouring the animals on 
which they fee<l. J.. ceriums is said to attain a length of 
1130 in in. With thest* preliminarv remarks, 1 proceed to de.scribe 
l>riefly the snakes of Trini«la<l which liave come under my obser- 
vation during tho years betwt*en lh8G and 11117, 

(1 L A l C O N I I) 

1. (t LA ICON! A ALBIFUOXS Wagl. 

This is a small snake, only 275 mm. long. Diameter of the 
body 4.) to 55 times in tlie total length ; length of tiil 15 to 21 
times. It lias a conspicuous yellow .spot on the forehead wliich 
becomes w’hite in spirit spceiiueus. CViloui’ brown, lighter 
heneatli, eacli scale with lighter outer edges, foiming more or 
less di.stinet lougitudiiial hues. The ti|» of tin* tail is usually 
markeil with a yellow spot. 'Idle reptile i.s a lively s]ip})ery 
creature, aud looks jis if made of polished steel. Jt may he 
found in the earth and under the bark of trees, and it bas been 
tiikon in termites’ nests. One captuvetl in this last hH'ality 
vomited several large teiniites. These snakes lay eggs, few in 
number, largo in size, and elongate in form. 

Hum .i:. 

2. ErU’RATES UEXOHUIS. 

Linyilly called “ Mapepire velour’’ and *• Jack.” This re|>tile 
lielongs to the subfamily Hoinas. Ju length it is about 17(H) mm., 
including t^il, which is 220 mm. The upj>er and lower lalnals 
have more or less di.siiuct pits or impressions between them. 
The colour is a pale or dark l>i*owiJ, and there are markings in 


* For exphinutioii of the Phlte^ ^ee 278. 
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tho form of rings and spots. There are five longitudinal lines 
on the head. The scales are small and smooth ; the anal is 
entire, and the subcaudals are single — not in pairs. On each 
side of the anus there is a hook or claw. The head is small, 
though distinct from the round thick body. Seen in sunlight 
this snake is resplendent with a lovely iridescent peacock-blue. 
The very young ones are light grey, upon which the dark 
markings stand out prominently. Epicrates is invaluable to 
the agriculturist because, wliile harmless to Man, it is a deadly 
enemy to rats and mice, which it kills by constriction. It 
also preys on the smaller species of opossums (Manicou), birds, 
and bats ; but mice and rats are its chief subsistence. A 
young one lias been observed to swallow ten mice in two days. 
From time to time several have been taken in warehouses 
in Port of Hpain, As many as 31 are produced at birth. 
‘‘Jacks” hav^e been seen coupling in October and January, and 
in the former instance the brood did not make its appearance 
until July. 

3. Eptcrates ( EXciiRis L., var. fusca. 

In all particulars the same as tlie foregoing, exce])t that the 
markings are very indistinct (.r faint. 

4. CoRALLiJS fJooKii Gray. 

This is the uiifortiinate snake which in Trinidad is usually 
exhibited at carnival time. According to Dr. Boulcnger, in bis 
‘ Catalogue of Snakes in the British Museum,’ this n^ptile is 
1550 mm. in length and its tail 320 mm. Specimens Jiave been 
seen which were seven and even eight feet long. The upper 
labhals are strongly pitted below and behind the eye, the 
anterior more or less distinctly pitted ; the anterior lower labials 
are not pitted. The colour is pale yellowish or greyish brown 
above. The dark markings are variable and sometimes absent. 
There is usually one, sometimes two dark streaks behind the 
large and prominent eyes, of wliich (in daylight) th6 pupils are 
mere vertical slits. The head is arrow-shaped, the hinder j)art 
being much broader than the neck. The scales are small and 
smooth. The hooks, or clav/s, near the anus are well developed. 
Anal entire and the subcaudals single. Locally, in the environs 
of Port of Spain, Corollas is called “Cascabel,” sometimes 
“ Cascabel Dormillon,” which has been said to mean “ slee})ing 
rattlesnake.” In tlie centre of the island, and particularly at 
Arima, it is known as the “ Mapanare,” the term by which the 
Fer de Lance is identified in Venezuela ; whereas, though ex- 
ceedingly ready to bite when on the defensive, when it invariably 
draws blood, it is a most harmless and useful creature. It is in 
the wild exclusively arboreal in its habits, and feeds principally 
on rats and squirrels. It also on occasion devours birds. One 
specimen, recently collected, was constricting a bat. One of a 
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pair, taken in coitn by O^Reilly in February, gave birth to 

between 20 and 30 young in the following August. The 

individuals in every litter present wonderful variations in 

colour and markings, some having the pattern described by 

Dr. Boulenger, bile many are of one colour (dark brown above 
and lighter beneath), and thus it is common to find brick-red, 
amber, yellow, and dark brown snakes in a single brood. The 
same species is also found in (xrenada, where the markings are 
more uniformly pronounced, while the snakes generally are of 
smaller size. A wise planter will take care that the Casta bels 
found on his property are not molested. 

5. EunECTES MURIXL’S L. 

Th 0 » local name of this reptile is ‘^lluile,” and among 
naturalists “ Anaconda.’’ In South America it is the ophidian 
which attains the greatest size, and it is [probably the largest of all 
the serpents. Jt is recorded that one killed nearirois (Trinidad) 
in 1810, or 1812, was 32 feet in length. This is quite possible, 
for there are museum specimens extant which are 33 feet. Much 
larger ones have been reported fiom time to time. The Ion (jest 
example T have seen nas by no means the biggest. In the flesh 
it tap(‘(l 17 feet 3 inches, but it only weighed 105 lbs. largest 
1 have seen nas 1(5 fe<‘t (5 inches. It was brought from Guaico 
in a box, ami was immediately Aveighed. Snake and case scaled 
300 lbs. When the captive had been removed to more commo- 
dious quarters the container nas put on the scales and was found 
to be (58 lbs. Tlie animal was therefore 232 lbs., which far 
exceeds (he wedght of several 21-foot pythons of which there are 
lecords. The lluile is greyish brown or olive above, with a 
single series, or \uth two alternating .series of large transverse 
blackish spots, and one or two lateral series of blackish ocelli 
with whitish centres. The top of the head is dark, and separated 
from the })aler sides by a black streak on cncli side of the bead 
and behind the eyes. The lower parts are whitish spotted itli 
black, ’.riie markings ai‘e l)est visible in young snakes, the older 
ones being almost uniformly greyish brown. The scales are 
smooth, the anal entire, the anal hooks, or claw\s, are well 
developed, the subcaudals are in a single row — not paired. The 
adult anaconda lives in pools and sluggish rivers. One lived in 
such a locality in the village of (iuaico, and was frequently to be 
seen on the bank basking in the afternoon sun, and the school 
children used to stone it from the opposite bank. It wouhl 
disappear for quite long intervals, and then be unexpectedly 
found in its old haunt. Occasionally the young ones may be 
seen in bushes or on the branches of small trees in the vicinity 
of water. In Trinidad, besides Guaico, the anaconda is found in 
Cunapo, Sangre Grande, Manzanillo, Mnyaro, and right away 
down south, and along the south coast to Oedros, and then north 
to within ten or twelve miles of San Fernando. These reptiles 
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have been observed to couple in December and January, both in 
and out of the water. During this act the anal hooks, hich 
are hardly ever used, come prominently into j)la.y. The male 
throws a coil or two round the female, which is usually the 
larger of the pair, and his claws are moved quickly, and 
scratch the scaly sides of his mate, inducing her to crawl for- 
ward slowly until union is established. One pair was thus 
engaged from December 24 until January 13. The male was 
between seven and eight feet long, and the female was a fifteen- 
footer. The young are born alive in July or August, and litters 
have been counted w hich contained as man}" as 30 to 42 little 
ones. The anaconda feeds on rodents and almost any animal 
wdiich comes downi to drink of the w'ater in wdiich it is lying. 
They have been known to kill dogs and deer, and one which w’as 
in iny possession voided the teeth of a large alligator the 
great horny claws of a tamandua. One, at Cedros, was shot 
while constricting a sheep. 1 had a young one which vomited a 
small water toi toise. After this it is not surju ising to learn that 
they will devour ducks and fow"ls. Though quiet and secre- 
tive in their habits, anacoudtis, wdien distiirlied, are quite tierce. 
They are wonderfully strong. One was observed to leave the 
river at Cunapo, and to steal quietly towards the place wdiere 
a man was cutting grass. Whether it intended an attack it is 
impossible to say, for the negro w"as warned in time. There is 
no doubt, however, that a sixteen-footer, if it threw' its coils 
round a man, could kill him instantaneously by a single con- 
tmetion of its muscles. An American collector, Mr. S. M. 
Klages, informed me that in Venezuela he saw" a yonng Indian 
done to death in this manner. The snake liad been caught, and 
the unfortunate native was playing with it ami had placed it on 
his shoulders. 

6. Boa cjonstrcctor L. 

Popularly the Boa constrictor is supposed to be the largest of 
the ophidians, Imt, as a matter of fact, it only ranks fifth in the 
limited series of re.ally great serpents. Jt is common everywhere 
in Trinidad, though seldom seen, and it is found in Tobago. 
The ordinary length is about eight or nine feet, but I have had 
in my cages two which w ere tw^elve feet long. Mr. E. L. Minis, 
a Trinidad surveyor, assures me that he has seen one fourteen 
feet long. Hagen beck, in his hook ‘ Men and Beasts,’ mentions 
one w"hich was thirteen feet in length. Of course, one hears 
often of enormous ones seen in the woods and high hush. 
On one occasion the appearance of a giant macajuel (the local 
Creole name) was reported to me as having been seen crossing 
a track at Barataria. It was solemnly averred that the reptile 
was twenty feet long, and it extended from one side of the path 
to the other. I went to Barataria. The spot was pointed out 
and a search w"as made, and in the hollow trunk of a fallen palm- 
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tree three maciijuel were foumh They were an eight-foot female 
and two seven-foot males. Tlie peasant had probably seen the 
inamorata closely followed by lier suitors, and imagined that 
the throe together were one huge snake, and it is easy to under- 
stand liow he airived at a length of twenty feet. Usually the 
Boa constrictor is a thick, heavy snake, especially if a female — 
the males are more lightly built. The coloration is pale brown, 
sometimes nearly black, above with 15 to 20 darker saddle- 
marks on the back. There is a dark brown streak on each side 
of the head passing through the eyes. There is a dark brown 
line from between the nostrils to the nape of the neck. The 
saddles on the tail are larger and fre(piently brick-red edged 
with black. On the upper-lip, below and between the nostrils 
theie is a dark, crescent -shaped moustfiche mark. The belly is 
yellowish, and dotted or spotted with black. The anal is entire, 
the hooks are well developed, and the subcaudals all, or partly, 
single. Jt is a handsome reptile and, as a rule, of most <|uiet 
demeanour, and soon l)ecomeH tame and does not object to being 
handled. Macnjuel feed on birds and small mammals. Some- 
times they kill dogs. One slain in Maraval some years ago 
contained the body of a full-grown ocelot (tiger-cat), and Mr. 
l^rich has a record of one which killed and devoured a full- 
grown mongoose, Macnjuel also eat the large Teguexin lizards, 
locally called Mats,” and in captivity the young ones will 
greedily devour ameiva lizards. ] lucks and fowls are also 
acceptable it(‘ms in the Macajiiel’s dietary. They have been 
observe^l to couple in December, tTanuary, February, and March. 
In the males sexual excitement has been noted in October. 
Young ones have been horn in May, and the largest Jitter 
recorded in my notes was 05. Mat'ajuel hiss with open mouths, 
and the noise is something like tlie escape of steam from a small 
boiler. 

7. Boa divixiloqua Laur. 

The local West Indian name for this snake is “ Tete Chien ’’ 
(Dog Head). In Dr. Boulenger’s * (Jatalogue of Snakes in the 
British Museum ’ it is reconled as occurring in Trinidad. The 
doctor’s description is as follows: — “Total length 2100 mm. 
Tail 170. 8nout rather prominent, obliquely truncate: 
rostral a little broader tlian de€‘p; symphysial at least as long as 
broad : bead-scales small, a little enlarged on the snout ; no 
shit^lds; one of the piwoculars slightly enlarged ; 18 to 20 scales 
across the forehead from eye io eye; 14 to 19 scales around 
the eye, which is separated from the labials b}- one or two 
rows of scales. Scales in G5 to 75 rows. Ventrals 258-275 ; 
anal entire; subcaudals single, 55-69. Brown or olive al>ove, 
with 25 to 30 darker spots or cross-bands on the body, and a 
lateral series of spots and vertical bars with light centres; 
head-markings as in Boa constrictor^ but sometimes rather 
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indistinct ; the longitudinal line on the head broader, often 
interrupted or scalloped ; tail black and yellow ; lower parts 
yellowish, spotted and dotted with black or olive, sometimes 
entirely ])lackish.^’ 

1 have never seen a Trinidad specimen of this snake. It may 
yet be found in some circumscribed locality such as the Northern 
Hills, or between Moruga and Point Galeota, on the southern 
coast. I have seen many specimens from St. Imcia and Dominica. 
Generally they were about the size of Corallus^ though rather 
stouter in build. They reminded me of that reptile and also 
of Boa constricto?', but they have none of the peaceableness of 
the latter, and are even more irascible than tlie iir.st-immed. 
They continually snap at passers-by, regardless of the fact that 
they are not near enough to get a bite home, (confined in a 
small box, they ruin themselves by breaking thoir noses on the 
glass front. Whether this is the natural disposition of the 
animal I do not know. Perhaps the ailults I possessed were 
used roughly when they were taken. Even then the young ones 
born in captivity are as cross ami pugnacious .ms their parents. 
Six adults which came to me from Dominica had had portions 
of their tails cut off, but the scars had healed nicely. The 
majority of the specimens 1 luive seen are very like small 
Hoa constrictors in genei'd appeal anee. Iliey aie more tree- 
loving in their habits, and in that r»‘spect ar(‘ more akin to 
Oorallus cookii. Several litters were born in my cages, but the 
broods were never large, not moie tluni nine or t^^elve, and on 
one occasion there were only three. Some of them ft‘d readily 
enough on rats and mice, hut all died in a short time. My 
impression is that they prey principally on birds and lizards — 
possibly iguanas. At any i*ate they require a variety of food. 
My most .successful example, born in my cages, fed on mice 
and lizards given to it. alUaimtely. By ibe more enlightened 
planters in St. Lucia these snakes are con.sidered valuable 
because of their rat-devouring habit. s. Jt siiouhl bo mentioned 
tliat they vary considerably in coloration, and some of them, for 
the greater part, are .shining black, relieved by yellow marking 
and tracing. 


C O L U B B I D iE. 

Series A. Aglypha.— Solid teeth, not grooved. 

Subfamily Colubrin/E. 

8. HeLICOPS ANGULArUS L. 

Tliis is a small liarmless snake which, because of its keeled 
or carinated scales, colouiing, and marking, presents a super- 
ficial resemblance to the justly-dreaded Lachesw mutus, is locally 
called “ Water Mapepire.” It passes most of its life in ponds, 
ditclies, and slowly-running streams. It is a stoutly-built creature, 
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about 730 mm. long, of which 200 mm. belong to the tail. The 
tail-scales are strongly ridged. Tlie colour-pattern is yellowish 
green ; across the back there are from 35 to 43 dark green, black- 
edged bands, broad on the spine and narrowing as they approach 
the under surface. The small eyes are placed so that they look 
upwards. Some specimens have brick-re«l bellies with dark spots. 
The anal is divided and the subcaudals are in pairs. When 
taken from the water these snakes fre(|uently coil, Jind at the 
same time flatten themselves, throughout Llie Ixxly-length, in 
a most extraordinary fashion. AVhen in this position they will 
spring vertically (|uite a little ilistance, at the same time 
attempting to bite. Probably the reason for this action is to 
deter herons and other birds from attacking them. The upward 
jump must be sufficiently disconcerting to the enemy to j>ertnit 
the snake escaping by diving deep into the mud or grass under 
the water, llelicopa feeds on frogs and fish, and may often be 
observed controlling the struggles of its victims by throwing 
tiglit coils round them. (Ja[»tain Urich has a fine specimen 
which was caught wlieii trying to take a live fisli from a hook. 
Of //. carinicmula^ indigenous to the Grande de Sul ( Brazil), 
Mr. Ly<lekker (‘ Royal Natural History') says that it produces 
living young, which is the rule with water snakes. It may bo 
that the Trinidad Jlelicopa is the exception. Mr. U. L. Ditmars, 
author of ‘ Reptiles of the W’^orld,* in a letter, dated October lUOfl, 
says of one that 1 sent to bim, that it laid eight eggs on the 
voyage. 

0. Stueptoimiorus atratps TTallow% 

Length 3fl0 mm., which includes the tail, 00 mm. Tl»ere are 
four well-marked varieties of this reptile — A, B, 0, 1); and B 
seems to be tlie Trinitlad snake. The scales, hich have apical 
pits, are more or less strongly keeled. "J'he anal is (uitire and the 
subcaudals are in two rows. The animal is dark brown or 
blackish above, witli a more or less distinct yellowish collar or 
occipitiil blotch ; belly yellowish or brown, sometimes dotted with 
a deeper brown. This snake has siuij)ly been collected, and, so 
far as 1 know, no ob^el•vatiolls liave been made upon it. 'I’he 
first 1 sfiw w’as taken by Mr. Broadway, who got it in a Immboo 
clump. Only two or three specimens have come my way. 

10. Hrymobius boddaerti Sentz. 

This is the “ Machetto Oouesso*' of the Trinidatl poasiiiitry. 
The scales are smooth and the ventrals are obtusely angulate ; 
the anal is divided and the siibcaudals are in pairs. Jii colour 
thi.s snake is brownish, greyish, or olive above, uniform or with 
a piir of light streaks along part or the whole of the body. 
Those found on the mainland of Trinidad invariably have these 
streaks, and so too have those taken on the island of Gasparee, 
Proc. Zool. Soc.— H)24, No. XVI. 16 
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which is only a mile distant. But those observed on Patos 
Island, eight or nine miles away, and about three niilas distant 
from the Venezuelan coast, do not seem to liave tliese orna- 
mentations, and I believe I have heard that the same peculiarity 
characterizes the Oouesse found on Clmcacliacare. Sometimes 
the scales are black-edged. There is a more or less distinct dark 
streak on each side of the head. Belly yellowish, uniform oi* 
dotted with olive. Sometimes the throat is spotted or marbled 
with brown. When young the Couesse is prettily mottled, the 
uniform greenish brown or olive of the adult being embellished 
by darker cross-bands, which are broken at the sides and end at 
the ventral scales. Towards the posterior end these markings 
become fainter, and ultimately cease altogether at the junction 
of the body and tail, the latter being of the colour the snake will 
wear during adult life. The change from the finery of (‘xtreme 
youth to the sober livery of adolescence has botui observed in my 
cages. This snake attains a total length of lOiK) mm. ; tail 
310 mm. In the adult the tail is seldom of natural length, 
probably because its owner is a gieat hunter of mice and other 
small mammals, and loses bits of its caudal appendage in its 
fights with its victims. The Machete Couesse used to be com- 
monly found in the Botanic Cardens in Port of Spain and the 
vicinit), and as often in the bushes as on the ground. It is an 
expert climber, and if it is more rare than it used to be (and 
I am told that it is), and if it lias not been kill(‘d out by the 
Mongoose, it has probably taken altogetlu'r to an arboreal life 
in Trinidad. Its food consists of frogs, lizards, and biids. Mice 
excite these reptiles to a pei-fect frenzy, ami they dash after 
them witli a determination which ends badly for the fugitives. 
Sometimes the victim is seized by the head, and then the process 
of swallowing begins at once. On other oeeasitms it; is caught 
by the fore* or liind-Icg, and then, regardless of all bites and 
struggles, the snake holds on like a bulldog until the c^ijdive is 
dead ; oi*, if the reptile is strong enough to <lo so. it passes the 
wretched mouse through its jaws until it reaches its muzzle, 
when deglutition commences forthwith. The Couesse has l>een 
observed nosing about amid sticks, stones, and leaves, sliowing 
great activity and alertness. On one such occasion a, i‘ricket was 
disturbed, and got away by great jumps. At every leap the 
Couesse rushed forward with accelerate(l sptu'd, but it was not 
observed to capture the insect. Taken in the liand, the newly- 
caught Couesse bites with determination, viciously working the 
tiny teeth into tlie skin. Of course they hardly draw blood. 
These snakes are snappish and pugnacious. When excited they 
rapidly vibrate their toils, topping the ground, or leaves, and 
making a noise not unlike the alarm of the rattlesnake. Tlie 
breeding-habits are unknown, but it is believed tliat they are 
produced from eggs, whicli are laid in masses of moss or 
leaves. 
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11. PilRYNONAX SULPHUREUS Wagl. 

So far as is known, tliere is no local name for this compara- 
tively rare, large, and beavitiful snake. Total length 2700 min. ; 
tail 720 mm. Scales, except the outer rows, strongly keeled. 
Ventrals strongly angulate ; anal entire ; subcaudals in pairs. 
In colour this handsome ophidian is yellowish, olive, or brown 
above, with irregular oblitjue cross-bars which are sulphur- 
coloured, wherein it resembles the “ tigre ” [Sjnlotes pullatus)^ to 
be described later, only the stripes are not pjile yellow. The 
hinder part and the tnl are blue black. Few specimens have 
been examined, and it may be conshlered rare in Tr-inidad ; at 
least it is not often seen, as it probably spends the greatest part 
of its life in the high fore.st-ir(*es. It angrily and vigf>rously 
resents interference. On such occasions it iidlates its neck, when 
it looks as if it were swallowing a largo egg. Jt also vibrates its 
tail. Sj>ecimens in cajitivity have willingl}" fed on mice, young 
rats, and ground-lizards. 

12. PlIRYNONAX FASCIATUS Ptrs, 

This is a rare snak(‘; at least very few have come utnler my 
notice. Total length 1500 mm., of whieli the tail takes 400 mm. 
Tlio scales on the Irick are faintly k(‘eled ; the ventrals are 
obtusely angulate. Anal entire; subcaudals in two rows. The 
adults are uuifornily dark olive- l)rown. The young ones are pale 
brown, wdtli crescentic browui, black-edged cross-hands ; liead 
pah} brow’n, sp(‘ckled with a darker tint ; belly closely speckled 
or powdered with brown. Tlie tirst specimen 1 vsaw came from 
(Jarenage. It was examined and identiHed by the late Dr. 
Iloettger. Many yesii’s afterwards 1 sjw a snake whicli came 
from Dunuipia and which 1 belie\e was of tlie same sj>ecies. 
This .snake agitates the tail when excited. 

1 3. Phuynonax eutuopis Hlgr. 

The local name is ‘‘ Dutlah.'’ The dorsal scales are strongly 
keeled, the ridges forming continued raiseil lines in the mi(hlle 
of the body. The ventral scales are obtusely ajigulato. Anal 
entire, ami tlie subeaudals are in two rows. In colour this 
reptile is uniform brown above, upper lip and anterior lower 
surfaces yellow, the belly turning to olive-hrowui towards the 
tail. For many years tlie habitat of this snake was nnknowm, 
and the single exainjdo in the lUitish Museum w'as tiguied in 
vol. ii. of Dr. Boulenger’s • (’atalogue of tlie Snakes in the Hriiish 
Museum.’ The specimen vvhhdi esbihlished tliis s[>ecies in the 
Trinidad fauna was ci’ossing the road near Maraval V\^att*r works, 
when it was taken by Mr. Aloe llamlyn and tlie late Mr. ilohii 
lloadley. Another was suhACipieiitly taken a bwv miles away at 
Santa Cruz. Two or three have been collected at. Caparo, and 
during 1913 -14 several were caught at Cun upia. 1 got one at 
Mayaro Point. It is therefore, although not numerous, widely 

16* 
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distributed in the island. It is a fierce and irritable creature. 
I have never been able to induce it to feed. Mr. J. 0. Dolly, 
of Mayaro, who says that it is comparatively common on the 
east coast, tells this story. He saw a Ciitlah beneath a bridge, 
where it was devouring a mouse. A larger mouse attempted to 
rescue the victim, and courageously bit the snake several times. 
The serpent, violently agitating its tail, persevered with its 
meal, and finally swallowed it, whereupon the would-be saviour 
retreated to an adjacent hole, whither it was quickly followed 
by the Cutlah. 

14. Spilotes pullatus. 

In Trinidad there are two varieties of this large and beautiful 
snake. The most common and handsom© is black with several 
broad, pale yellow oblique cross-bands on i\m fore 2)art of the 
body. The posterior portion and the long tail are shining 
black, and underneath bluish black. The anterior part, of the 
under surface, including the throat, is yellow, with black s}K)ts 
or bands. The scales are keeled, strongly imbricate, <'icut(dy 
pointed, and have apical pits. The anal is entire and the siib- 
CRudals are in two ro\^s. Tlie rarer variety is in most ri'spects 
like the first one described, but the yellow bands are reduced to 
a few irregularly-disposed spots, and the anterior ventral scales 
may be partly yellow. When this snake is well marked witli 
yellow the country people call it “ Tigre,’’ and when it is nearly 
all black it is a “ Tigro,*' when, because of its sombre livery, 
it is to be carefully avoided, although l)oth kinds are sfud to be 
dangerous. Both varieties are credite<l with cliasiug intruders 
and generally behaving in a most truculent and reprehensil)le 
manner. I once heard of an insbinco wldcli shows how such 
stories originate. A man was going up a steej) ravine, or 
water- course, which are niimei-ous in the hilly parts of Trinidad. 
He heard a rustle and saw a large 'rigre. A snake going 
downhill sometimes attains a liigh rate of speed, and this one 
was coming at a great i)ace. It had probably never soon the 
man, who turneil, uttering wihl yells as he ran. His adven- 
ture is cited as proof positive of the ferocity of the Tigre, 
though why a snake sliouJd not toboggan in its own domains] 
without being intent on iiiischiof, no evidence Jias ever been 
forthcoming. When cornered, the Tigre will staml up to a man, 
prepared to sell its life as dearly as it can. It will inflate its 
neck, like I\ sulphureus, and dart at the enemy ojien -mouthed. 
But it is a harmless beast, and it is to be doubteil whether it will 
ever bite until it is actually handled. When it does bite, it 
bites quickly and hard ; but the injury, at the worst, is only a few 
scratches. If the bitten one exerci.ses sufiicieut self-control and 
does not snatch his hand away, there will not oven be scratches — 
only a few blood-drops from tlie jnincturod wounds inflicted by 
the small iion-venomous teeth. In an liouv one will have to 
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find the site of the injury with a magnifying glass. It is not 
known whether the adult Tigre feeds on either lizards or frogs 
— creatures which should be rigidly protected, but that he 
kills a large number of mice, rats, and possibly squirrels there 
is no doubt at all. Home birds enter into his dietary. The 
prey is killed by constriction, but mice are swallowed alive. A 
young Tigre would not feed, but he would savage a finger if 
he could lay hold of it. 1 took advantage of this trick, and 
instead of the finger piesented him with a dead mouse to 
woiTy, which he would do as long as he was held. The result 
was that the mouse was invariably swallowed, to the snake's 
great benefit, and thereafter he Avas successfully fed in this 
fashion. The yellow Tigres are not nearly so common as they 
were. The last really typical specimen 1 saw had ten w^ell- 
dt‘fine<l broad polo yellow stripes on the fore part of the body and 
two imperfect ones about the middle, while the hinder part end 
ttvil were an intense blue-black. This snake vibrat(?8 the tail. 
It is mostly found in trees. Caged together this species end the 
pievious one {Phrynonax eiUropia) have been observed to couple. 
The 'Pigro may attain a length of 2100 mm., including the tail, 
wliich is 490 mm. 

15. CoLi HER COUAI8 Boie. 

This snake is locally knowui as the Cribo,” or ‘‘Clibo,” and 
the older generation of Trinidadians will hardly need any 
desfription of what w\as once a very well-known reptile. Of late 
years it has become exceedingly rare, or, at any rate, few are now 
met with. Whether the advent of the Mongoose has induced it 
to become almost entirely arboreal in its habits is a matter for 
conjecture. Country people and others whoso business takes 
them afield, and naturalists, have informed me that they have 
not seen a Cribo for many years. The Trinidad Cribo is a 
strongly-made and active animal, greyish black in colour, with 
a yellowish -brown tail, which gets blighter tow^ards the exti emity. 
The plates on the head are taw^ny, and those on the lips ore 
edged with black. The scales are smooth ©r with a short feeble 
keel. I'he anal is entire and the subcaudals are paired. The 
length may be 1880 min., of which the tail is 400 mm. Count 
de Verteuil, in his book on Trinidad, says that they may be seen 
twelve feet long. I have seen one nine feet, and then some 
inches of the tail were missing. But during many years the 
average length of those which came under my observation was 
about four or five feet. The Cribo moves at a smart pace in 
bold, graceful, and continuous curves, and it climbs and swims 
well. When captured or cornered it turns fiercely on the 
aggressor, and, with infiated neck and open jaw’.*^, stiikes boldly 
and bites hard, at the same time emitting a most offensive odour. 
These snakes are susceptible to kind treatment, and if accustomed 
to gentle handling, they soon discard these habits. Their eggs 
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number nine to twelve in a clutch. The Oribo is practically 
omnivorous, devouring everything it can swallow, but it dis- 
counts its usefulness as an inveterate mouse and rat destroyer 
by also preying uf>()n frogs, lizards, small birds, and stiay chickens. 
If a hen has a brood and tlu»re is a large CVibo in the vicinity, 
it will rush boldly into the chirping covey and take a chicken 
every day, so long as it is convenient to do so. When it has had 
four or five, it will probably lie up for a week, when, like all 
other snakes, it will become partially blind, its eye-scales turning 
bluish white, while its li\erv will be dingy and without lustre. 
After a day or two the sjiake’s eyes will regain their w’onted 
colour, and tlu*n their owner will go into some hedge or into long 
grass, and rublnng its nose and lij>s against any rough suidnce it 
may find, its ohl skin will turn hack from the mouth. It will go 
on pushing and rubbing, and the slough will eoniiuue to turn 
back, the scales covering the eyes w ill come oil' w ith the rest, and 
the reptile wdll linally literally walk out of its ohl liahit, leaving 
it reversed like a glove, and in the glory of a pei fecily-fitting and 
not unhandsome suit of uew’ clothes, it will look round to see if 
that old lien lias any more stray chickens which she cannot take 
care of. The Criho has lieen observed to catch fish, and there 
is a record of one actually being seen in the sea close to the 
shore and capturing a young grouper. Tlie Criho makes its 
meals on the ‘Sjuick-luncli” principle, grahldug its prey any- 
wliere and sw^Mllowing it at once, and disregarding even the bites 
wdiicli the nit may iiiflii't upon its destroyer. In conseijiience, 
old snakes are freipiently much scarred. CVihos also devour 
other snakes, even poisonous ones, hut further investigation is 
refjuired on this point, for Crihos, like other non-venomous 
colubrines, may be immune to the hites of the vipeis (the niape- 
pires), though they may not, with them, be alile to resist the 
poison of the dangerous colubrines — Klaits (Corals). 

16. Herpetodryas carinatfs L. 

The local name of this most heautifnl snake is “ Yidlow 
Machete,’’ and though it is most often found in ti'ccs and high 
bushes, “Machete Savaiinc*.” It is a large* eyed species. The 
scales are smootli except the two middle rows on the spine, w hich 
in the female are faintly keeled and in the males strongly 
carinated. The length is, or it may bo even nioie, Ib.'lOmm., of 
wbicli the tale is 500 mm. It is dark brown above, but it has a 
large amount of ytdlow on the sides. Tlie ventrals and suhcaudals, 
the latter of which are paired, are yellow wdth black edges. 1'bere 
is also a variety in which green appears on the back. The anal 
is divided as a rule, but there are instances in wdiich it has not 
been divided. 1 liave captured tliem in trees, buslies, jiools, and 
on one occasion, after a long and exciting cliase. cauglitone, which 
was first seen crossing the drive to the Govei nor s house, in the 
Botanic Gardens, Port of Spain. On the Caroni Kiver on one 
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occasion a large female, attended by two males, was observed 
on a small thorny tree. They siiccf'ssfully eluded all attempts 
at ciiptuie. When annoyed these snakes inflate the anterior 
portions of their bodies so that the dense dark colour of the hick 
and uj)per sides is varied by the appearance of the pink skin 
between the scales. This snake bites cpiickly and fiercely, and it 
also lashes with its flexible tail. Machetes may devour birds and 
mice, and most likely do so, but in captivity they ayjpear to care 
only for frogs, which they swallow eagerly and in rapid succession. 
Little is known of their breeding-habits, but one has been 
observed to lay five white, parchment- like covered eggs, each of 
which was two inches long and about as thick as the little finger. 
I'he Machete when angry or excited is another of the snakes 
which agitates the tail. 

17. Leptophis LiocERcrs Weid. 

Locally known as “ Lora’’ or “Parrot Snake.” This slender 
little reptile may attain a length of 1720 mm., of which the tail 
is 590 mm. The ventral scales are decidedly angulate laterally ; 
the anal is divided ; the subcaudals are in pairs. On the body, 
except the outer ones, the scales are strongly keeled. The 
colouring is bronzy or golden above, and usually the vertebral 
region is green, and there is a dark streak passing through the 
eye on each side of the head. The lower parts are white or 
yellow. The Lora used to be common in country gardens in 
the subui'bs of I’ort of Spain, and Scai’borougb — Tobago. When 
excited the snake slightly inflates itself, and the gold and green 
on the neck and the anterior part of tlie body become brilliant. 
T’lie htjud is ratlicr large, and the angry snake widely opens a big 
shell-pink month, laterally spreading the back part of its head, 
but it rarely bites, and wlten it <loe8 so the w'ounds are quite 
small if they are inflicted with the more forward teeth, Tlie 
back teeth are rather long. In the human subject the after-effect 
of the teeth is a stinging sensation which passes ofl’ in a few 
moments. Loi-as are usually found in trees and bushes, and 
only occasionally on the ground. They are rapid and graceful in 
their movements. Their diet is frogs and lizards and possibly 
young birds. Altbougli the Lora belongs to the Aglypha, having 
solid teeth ami is not poisonous to human beings, it has been 
noticed that small lizards which have been wounded by the 
Lora’s back teeth, and have afterwards escaped, soon die of their 
injuries. 

18. Lioptiis melanotus Shaw. 

Total length 610mm., tail 140 mm. The head of this little 
snake is greenish bronze. The back, right away to tlie tip 
of the tail is black, forming a broad stripe four or five scales 
wide. Then on each side is a yellow stripe two scales wide, also 
running the .wlmle length, and this is accentuated by another 
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black stripe on both sides, with a yellow and black alternating 
stripe, about half a scale wide, on the lower edge. This is followed 
by another stripe on each side, of a pale salmon tint. 'Phe under 
parts are yellow, the edges of the scales being lined with bluish 
black. The broad black stripe on the nape and the first third of 
the length is flecked with golden yellow. There is a black streak 
on the upper labials from the nose to the beginning of the 
yellow streaks on the sides. The scales are smooth. The anal is 
divided and the subcandals are in two rows. This is one of the 
commonest ophidians in the colony, and most people know it. 
The (Jreoles call it Beh Belle Chemiii” — “Beauty of the Road,*' 
and it is indeed a beautiful little creature. It feeds on little frogs 
and lizards, and in its battles with tlu'se creatures it tightly con- 
stricts them in its coils. These snakes enter water, and wdll catch 
small fish. At times they will remain for days in the hath. 
They have never been known to bite, but they flatten the fir.st 
part of the body wlien alarmed. They liave considerable climbing 
powers, and are most active little creatures. In tlie mouth of 
June one .sj^ecimoii laid seven eggs, wbicb were white and covered 
with a tough, parch meut-like skin. 

19. Liophis regtn.® L. 

This extremely beautiful snake owes its second scientific name 
to the fact that it was dedicated to a. Queen of Sweden, Locally 
it is called the High WckkIs Coral.’’ The wonl “coral” is in 
Trinidad usually applied to the venomous Elaps ; but this . nake is 
not poisonous. A large one is 650 mm. long, of which 165 mm. 
belongs to the tail, which is often mutilated. The adults are 
olive or greyish yellow, with the edge of each scale black. They 
look as if they had pieces of black mosquito curtain strained over 
them . The young have a yellowish collar and an oblique yellowish, 
black-edged hand on each side of the head. The belly is yellowish 
with numerous black spots. It is a comparatively it*re serpent. 
Tim only specimen observed fed well on frogs and lizards, and it 
would go into the glass jar to catch little fish. It flattened its 
head and neck when irritated. It is said to he found in the 
vicinity of mangrove swamps and streams. ’J’he anal is divided 
and the suhcaudals are in pairs. The scales are smooth. 

20. RhadinvEA oobella li. 

Length 730 mm., of which the tail is 125 mm. The anal is 
divided and the suhcaudals are in paii-s. If (coloration makes 
variety, then there are two kinds of this snake in Trinidad. Years 
ago 1 thought the specimens mottled with black, olive-brown, and 
dirty yellow, with grey .scale.s on the lower jaw, were males ; hut 
one of this coloration laid eggs. The other variety’s colour-scheme 
is marked by faint transverse stripes on the hack, caused by the 
arrangement of smooth slate-coloured scales with grey edges. 
The ventrals are chequered with large black spots on the white 
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surface. Sometimes these snakes are three feet long, but the 
average size is about eighteen inches. The Creoles csall it 
“ Mapepire Mangue/* or “ Mangrove Mapepire” and “ Mangrove 
Snake.'' It is found in swamps and feoiiietinies in brackish water 
close to the sea. It devours large numbers of frogs, and once a 
specimen was observed to swallow a gecko. It also catches and 
devours fish. Young ones have been observed in June. One of 
these snakes laid several eggs iji my cage. Only one hatched, 
and the product was black and deformed, refused to feed, and 
soon die<l. 

21. TIyDROPS TRTANOULAllIS Wagl. 

Length 780it»m., of whicli the tail is 110 mm. Purplish brown 
al)Ove, red on the aides, white below. Black rings or annuli, 
which may be interrupted and alternate on the middle dorsal and 
ventral lines. The scales are short and smooth. The anal is 
divided and the su]>caudals are in two rows. This is a water- 
loving little snake, and the Creoles call it the “ Water Coral." The 
late Mr. J. T. Thorpe brought the first I received, and he got it 
at Arima. Others have come from the Caron i swamp. One w^as 
taken in Princes Town by Mr. F. W. Urich. Another was 
caught at Four Hoads. A collector once brought fifteen of all 
sizes from Cunupia. It is a reptile uhich does not do well 
in captivity. It lias been observed to devour little fish. It has a 
great objection to staying in the same tank wdth JI, angulatm. 
The l)ody is ringed something like the coral — an ophidian which 
it resembles in build, — but the rings are not like those of the 
venomous coral snake in eitlier colour or shape; they are much 
closer together, are more xegular, and are black or daik slate in 
colour. 

22. Petalogna'iiujs neihti^tus Wagl. 

The Creoles call this snake “ Mapepire Corde Yiolon," or 
“Fiddle String Mapepire,” a name which surely applies more 
accurately to another species to be mentioned later on. Its length 
is 790 mm., of which 210 rum. is tail. The scales arc smooth, 
the anal is entire, and the subcaudals in two rows. Above, the 
colouring is grey or grey-brow n, with blackish spots ; or it may 
be mottled black and white w ith more or less regular cross-bars, 
which may have a light edge. The belly is yellowish, wdtb black 
dots and more or less regular cross-bars, or large alternating 
spots. The head is shortened, flattened, and rounded, and tlio 
eyes are very prominent. When molested this snake draws back 
its head in a most threatening manner, and even strikes, but 
with dosed jatvs. Being locally called a “ mapepire," it is trebly 
damned as a wicked and venomous serpent. As a matter of fact 
it is retiring in its habits, and only ventures out at night. 
It spends its days rolled up in the cup-like bases of wild pines, 
in bushes, under fallen leaves, or in decaying vegetation. When 
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active, it goes slowly and cautiously about its work of slug- 
destroying, It is therefore the friend of the gardener, but, 
unfortunately, when found it is almost always slaughtered 
for its pains. It is curious to see Petalocjnaihva capturing slugs. 
When the snake, in its rambles at dusk, sees a mollusc it at once 
becomes interested. It raises its head and looks fixedly at it. 
With arched neck it approaches slowly lo the victim. Then it 
suddenly darts forward and seizes the wretched snail between 
its horns. It is difficultTo follow the motion, which is very quick. 
The rc'sult is that the greater portion of the slug is immediately 
in the snake’s throat. It is remarkable how siuall is the (juantity 
of slime exuded by the slug, though the prey is not always 
attacked between the horns. Several of these snakes have laid 
eggs in my cages. They are white and, like tliose of other 
snakes, are rather long and covered with a lough envelope. This 
reptile is afraid of other snakes, and does not appear to bo 
iriterested in much else save slugs. 


23. Atractus trilineatus Wagl. 

Length 225 mm., of wdiich the tail is 15 mm. This reptile is 
brown or greyish above, with three or four darker longitudinal 
lines. Jt is sometimes spotted. Undeiaieath it is yellow ish w bite. 
The subcaudals are paiied and the anal is entire, liocally it is 
called the “ Ground Snake.” It is often found in rubbish-lieaps 
or in the earth. It is perfectl}’ harmless, and possesses a small head 
and short tail. Cloral snakes prey upon them and, unfort .inately, 
what specimens came to hand were always wanted to feed Klaptf, 
The species lays three or four eggs at a time, and they are large 
compared with the size of the parent. It is an ophiilian w liich 
devours insects, and may be regarded as the friend of the 
gardener. 


CoLlTBRIDiE, 

Series B. Opisthoglypha. — Most, if not all, of the snakes in this 
division are poisonous to a slight degree. (Ine or more of 
the maxillary teetli are grooved. 

24. Trypanurous compressus Daud. 

I have only seen one specimen of this snake. J t was taken alive 
in April or May 1914 by a man of the Forest lieserve at Sangre 
Grande, and was lying under a heap of leaves. 'J'he only men who 
know the Trinidad Ophidia, Mr. F. W. Urich and Mr. A. H. Carr, 
had never seen it before, and though I made many inquiries, no 
one else seemed to be acquainted witli it. its long tail and 
compressed form lead one to the supposition that it is a species 
which inhabits that strange world to human bting.s, the high 
forest trees, and that, oppressed by tlie long drought, this par- 
ticular specimen had been forced to seek the earth to obtain 
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moisture. It only fed once, and then on an anole lizard. The 
head was blunt and distinct from the neck, and evoked reminis- 
oencbsof PeUdognathiis^ HimanUxhs^ and rather loss of Leptodira. 
The eyes are prominent, ruby-red, with elUptic-al pupils placed 
diagonally. Over the eyes and the muzzle there was a dark 
shade of l)rick-red. The hinder part of the head wjis a. lighter 
hue. Two inches behind the head was a hlotch of dark grey. 
The ground-colour of the remaimler of the body was dull red. 
From the gi'ey blotch to the tip of the tail was a series of fifty- 
four thin dark grey saddle marks, sometimes broken on the 
back, in other cases alternating, and occasionally mere spots. 
The under side was pearly white. In the notice of the species in 
the " liritish Musinim (Catalogue of Snakes ’ the length i.s .said to be 
1100 Jiun., of wliich tlie tail is .'ll!) mm. The vei tehral scales are 
strongly enlarged, and the biggest broader than long. The scales 
are smooth, with apical pits. The anal is divided and the snh- 
caudals are in pairs. In the Trinidad specimen the length was 
51 inches; the ventrals numbered 2G4. The subcaudals were 
124 pairs. 


25. Himantodes rKNCuoA 1). B. 

'Phis peculiar, very beautiful and in(»ffensive reptile attains a 
length of 1100 mm , of which the tail takes u[> .‘140 mm. 4‘he 
scales are narrow, sm(>oth. with apical pits, those of the spine 
being strongly enlarged. The anal is divided and the subeaudals 
are in pairs. Tiu‘ lu'ad is blunt, the muzzle heiug short, and the 
(»cciput is much wi<hT than the slender neck, Tlie eyes are 
promiiKuit. Tliere is a “ Y ’’ mark on the head, tlie prongs of 
which })egin behind tlie eyes. The colour- scheme is pale Ihowii 
or greyish, wdth numerous darker saddle inaiks ext<>nding the 
whole length of the snake. Jn some j>lnces these are continuons, 
while in otliers they are disjointed, the lighter tint interrupting 
it. The lower surface is dotted Avith brown, and sometimes tliere 
is a metlian line. The body is triangular an<l so attenuated that 
it is seiiii-transpareut. The tail €*nds in a fine point. JiOcally 
this snake is (‘ailed “ Mapepire Oorde Violon/' or “ Fiddle String 
Mapepire.’^ J have never known these snakes att(*iii}>t to bite. 
They coil uji into a very small space, and so are able to conceal 
themselves most efiecti\ely in orchids and wild jiines, situations 
where they may fre(juently be found. They used to 1 e rather 
common among the orchids at the Colonial ITospital. Only once 
have 1 seen one on the ground, w hen it was entering a clump of 
high grass. On one occasion Mr, Rorer found one in his waste- 
paper basket. This snake is almost entirely nocturnal in its 
peregrinations. By day it is in the habit of concraliug itself, hut 
at night it gmcefully glides about ami bridges considerable 
distances between brandies, only suj»porling itsedf by a small 
portion of the body and the long tail. It feeds on gonotodes (the 
small striped lizard) and garden anoles. 
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26. Lbptodira annulata L, 

This is another innocent whicli lias been damned locally by 
being given a name which also applies to a really dangerous 
creature. Tt is called “ Mapepire Valsyn/’ or “ M. Jialcyn,” or 
M. liarcin.” Its length is 730 mm., of which the tail is 175 mm. 
The scales are usually smooth or only faintly keeled, and they 
are pitted apically. Those along the spin<» are sometimes larger 
than the others. The anal is divided and the subcaudals are in 
two rows. The colour is yellowish, or brown (ibovo, with a dorsal 
series of large dark brown or blackish spots, which are continued 
to the ventrals. Bometirnes the black spots form an unduhiting 
streak on the spine. The under parts are whitish. The head is 
distinct from the neck. The eyes are large. When molested 
this snake draws back its head as if at)Out to strike, but 
seldom, if ever, makes any attempt to attack the aggressor. It 
frequents outhouses, old walls, and rubbish- heaps. Once one was 
taken in the bough of a tree, where it shared its quai’ters with 
a large colony of ants. Lepiodira feeds on frogs and small lizards. 
It lays eggs, but the only one which did so in my cages promptly 
devoured the wdiole clutch. These snakes are very locfil in their 
habits, never going far afield. One escaped and was gone for 
months. In the meantime the family moved to .another honso 
on the other side of the town, and there the missing pet turned 
up. It is supposed that it had been carried in some article of 
furniture to the new quarters. 

27. OXYRHOPUS petolarius. 

This snake is the latest addition to the known ophidian fauna 
of Trinidad. A young specimen was obtained in 1914 or 1915. 
It came from St, Joseph. Adults were i^eceived from Cunupia in 
1916. Since then others have been received from River Estate, 
Diego Martin. In volume iii, ‘Catalogue of the Snakes in 
the British Museum,’ by Dr. G. A. Boulenger, it is thus 
described : — 

“ Eye moderately large ; its diameter about half the length of 
the snout, which is roun<led and scarcely projecting. Rostral 
broader than deep, just visible from above; internasals niucli 
shorter than the priefrontals ; frontal once and on(*-fif1h to once 
and one-third as long as broad, as long as its distance from the 
end of the snout, as long as or a little shorter than the parietals ; 
loreal much longer than deep ; one praeoculai (sometimes divided) 
usually forming a suture with the frontal, sometimes however 
narrowly separated from it ; two (exceptionally one or thi ee) post- 
oculars; temporals 2 + 3; eight (exceptionally nine) upper labials 
fourth and fifth (or fifth and sixth) enteiing the eye ; four or five 
lower labials in contact with the anterior chin-shields, which are 
as long as or shorter than the posterior. Scales in 19 rows. 
Ventrals 191-222; anal entire; subcaudals 78-126 pairs. 
Coloration variable. Total length 910 mm. ; tail 220.” 
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Apparently there are two or more colour- variations in Trinidad, 
and therefore it is necessary to quote the paragraphs in the 
* Catalogue ^ which describe them : — 

“ (a) Black above, with numerous (50-75) narrow yellow cross- 
bands, the first on the nape (O. petolariua L.). 

(6) Bight cross-bars (sometimes reduced to large spots) on the 
side fewer (15-25) and far apart. 

“ (c) Uniform dark brown above, or with faint traces of light 
bars as in (6). 

“ {d) Above barred black and red ; the red bars, which mny be 
dotted with black, i\s broad as ora little narrower than the black, 
and thirty to forty in number ; the black bars usually forming 
complete aiinuli on the tail.” 

1'hc first specimen (in spirit) received was the one depicted in 
the photograph No. 1. Jt was quite a small snake. The second, 
taken while the snake was under the influence of chloroform, is 
the subject of the second photograph. This last was a black 
snake, with faint obii(|ue bars on the anterior part of the body, 
and they could be seen in strong sunlight. Jt was a long time 
before it was discovered upon what this one and others of the 
same species fed. At last it was found that they would eat mice, 
and, singularly enough, they did not object to them when dead. 

28. Ox\ uiKU’Us cuKLTA Baud. 

Tliis is a most valuable snake, but unfortunately not too 
common. It is not nearly as prolific as tlie dangerous ones u\yon 
which it feeds. A P"er de Lance produces commonly as many as 
thirty bigldy venomous young, fully developed and ready for the 
busiiK'ss of life, Avhereas this (Xri/rhojm^ only lays about sixteen 
white eggs, uhich in place of a shell are covered with a parcli- 
ment-dike envelope. Locally this timid night serpent is known 
as the “Black Criho” and “Vidua.” In Brazil it is called the 
“Miissunina,” and tin’s last is the name by which it will bo 
referred to througJiout this notice. In the ‘ Catalogue ’ it is 
stated to b(‘ 1.550 mm. iu length, of which the tail measures 
340 mm. But the same authority also states that there is a larger 
one in the British Museum which mea«ui'es 2100 mm. to the 
vent; the tail is injured, probably abbreviated. At the highest 
point on the Saddle Iloa<l J personally found one, which was over 
six feet long, dead. There are records of still larger ones. The 
scales are smooth, with apical pits ; the anal is divided ; tlie sub- 
caiidals are paired. Superficially the Mussurana may be descrilied 
os a large blue -black reptile, with a pearly-white under surface, 
which is mottled under the tail. It is a powerfully-built animal. 
When taken in the band it does not usually attempt to bite, but 
binds itself sti^ongly round the wrists of the aggressor, and so 
tightly as to stop the cii*culation. It does not seem to be able 
to see well except at night. It has long been known as a slayer 
and devourer of venomous snakes. The Count de Verteiiil, in 
his book on Trinidad (published in 1856), relates how some 
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years previously the late Mr. Robert Mitchell, Protector of 
Immigrants, at Blanchisseuse saw one killing a Trujonocephalua 
jararaca (Fer de Lance), and it had already swallowed twelve 
inches of the enemy when Mr. Mitchell arrived on the scene. 
Prof. Carmody took one which was killing a tree boa almost as 
big as itself. Mr. Albert Carr saw one killing a Tigre. I have 
myself seen a Mussiirana kill and swallow a Fer de Lance which 
was only an inch or two shorter than itself. Subsequently 1 saw 
the same snake kill and devour several other venomous serpents. 
As a matter of fact, the Mussurana. is invariably found in the 
localities frequented by dangerous ophidians. Mr. Ihich caught 
a Mus.surana in the northern lulls, and in two months within 
six hundred yards of the spot his men killed twenty-tihree Fer 
de Lance. The Mussurana quickly seizes a Ma]>epiie at the 
nearest possible place. Tlie doomed snake tnins and burie.s 
its long poison-fangs in the body of its destroyer, which, 
however, does not notice the incident, but, if the victim is a 
large specimen, throws numerous constricting coils round it 
and promptly crushes it to death. Jf small, and therefore easily 
managed, the Mussurana passes the Mape[)ire through its jaws 
without letting go, and, when reaching tlie head, commence.'^ 
to swallow the vanquished one. Dr, Brazil, the author of ‘La 
Defense Centre rOphidisme/ who has made a great study of 
the snakes of Brazil, has everything that is good to say of the 
Mussurana as the destroyer of the terrible pit vijaus of South 
America, but adds tliat while it is immune to tlieir [>ot<.*nt poison, 
the snake succumbs to the bite of tin* venomous cord snakes 
{Elaps). The reader is specially referred to the photograj)!) illus- 
trating this most valuable snake 

29. OXYRIIOPUS COllONATUS. 

In the ‘Catalogue’ the length of this .snake is recorded as 
870 mm., of which 200 mm. is tail. Jt is also stated that there 
is a much larger specimen with an injured abbreviated caudal 
appendage which inea.sures lOCOiiiin. to the vent. The average 
specimens I have seen were about forty inches long, but a f(‘W 
have been even larger. J'lie scales are .smooth, willi a})ical pits. 
The anal is entire and there is a single row of subcaiidals. 
The coloration is reddish, or jMile brown to blackish abo\e, and 
paler brown or yellowi.sli on the side.s. Tlu^ upper surfaces of the 
head and nape are blacddsh. Young ones are coial-ii d and wear 
a yollowlsh-white collar. Jiocally tliis snake is called “ Mapepire 
Velour ” and “ Rjitonero.” It is frequently found under liouses 
in Port of Spain, and at night it iised not, to be an uncommon 
occurrence to see one either in the gutters or cros.sing the road. 
Some yeans ago, in tw^o nights five specimens of good size were 
taken in the roads in Yictoria Square, wh(*re an old hedge had 
been gimbbed up. The liatonero is remarkable for its smootli, 
shining coat of mail. It is seldom seen in the daylight, but when 

♦ See Plate VIU. 
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it is moving in a strong light, many beautiful prismatic colours 
appear on the scales. Katoneros are mouse-, lizarJ-, and frog- 
eaters, and in their battles with the rodents often lose portions 
of their tails. Tho Ratonero is short-sighted, and usually gets 
its prey by following it into its subterranean retreats. It con- 
stricts both mice and lizards. It also eats other snakes, and is 
frecpiently a cannibal in that it preys on its own species. Two 
Ratonoros when offered some young Fer de Lance declined to 
notice them. Ratoneros have been observed to pair in November 
and February. Clutches of rather large, white, parchment- 
covered eggs have been noticed as being laid in September, 
January, and February. I’he September eggs were hatched in 
the following January. The eggs adhere to each other, being 
covered with a sticky mucus which dries a few minutes after 
deposition. Eight eggs have been found in a clutch. The young 
ones will eat each other and, tho»igh not nervous when handled, 
get excited when touched by their brothers and sisters. 

JO. OxYiuiorus neijWiedii. 

Tliis species so closely resembles the preceding one that the 
same note will jirobably apply to both. 

1 . Ox \ BELIS AC l’ MIX A|TS. 

T'he local Trinidad names for this slender, sliarply-pointed 
headed f>(‘rpent is “ Rigoise-Argeniee,’' ‘‘Liguez,’* and ‘‘Whip 
Snake,” Us length is 1520 mm., of which the tail is 020 mm. 
The snout is thrice and a half as long as the prominent eye. In 
colour thesi* snakes are bronzy, greyish, or reddisli above, some- 
times uniform, whilst others are freckled with hrouii ; usually 
scattered black dots, or witli black edge.s to some of the scales. 
Tlierc is a black lino on each si<le of the head passing through 
the eye. I'he u[>per lip and lower surface of the head are 
yellowish wliite. It is yellowish, pale browni.sh, or reddish 
lieneath, or it may he speckled or streaked with brown, often 
with scattered black dots. Sometimes there are two dark brown 
longitudinal liiu's. Hut colour- variation is most difficult to 
describe. Anyone who has once seen this remarkable looking 
snake and noticed tlie long arrow-shaped nose cannot ever 
mistake it, no matter what the colour maybe. The scales are 
smooth, pitted a|)ically; anal divided; subcaudals paired. The 
Wliip fj’ei|uents hushes ami trees, and greatly resembles a 
trailing branch. The illusion is made .still more deceptive by 
the snake’s peculiar habit of gently swaying its body as 
the tree branches do in a gentle breeze. Even wdicn caged, 
where there is no zephyr to influence it, it makes this motion. 
When tlie animal is free, it is only when the observer notices 
the brilliant eyes that he realizes that he is gazing at a 
beautiful tree-siiake. These reptiles feed on lizanis and frogs, 
and when the opportunity offers they may take young birds. 
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When the Whip is about to capture a lizard, it projects its 
head towards it. The movement is slower than the minute 
hand of a watch. At the same time it puts out its long, brown 
yellow-margined tongue, points together, and holds it stiffly. 
There is the swaying motion before referred to. Sometimes the 
tongue is withdrawn and exserted sevei'al times, but on these 
occasions never in the rapid manner of many other ophidians. 
Just before the decisive moment the tongue stands rigidly 
upwards at right angles to the snout. A few seconds then elapse, 
and then there is a sudden lunge forward, and the lizard is 
caught with inconceivable quickness, usually by the middle of the 
body. The victim is then passed through the jaws until they 
close on the head, when the process of swallowing begins. The 
Whip, except when distended by eggs or after having enjoyed 
an unusually large dinner, is rarely tliicker tli.an an average-sized 
lead-pencil, while it may be 4.] feet in length. One under 
observation laid six large eggs in June. Jn Yoneziiela there is a 
larger closely -allied species which is hiight green. 

32. HoMALOCRANIUM MELAXOCErnAU m. 

Total length 500 mm. ; tail 100 mm. This is an o})Scure little 
snake with smooth unpitted scales, divided anal, and subcaudals 
in two rows. It is red or pale brown above, with or without 
three or five more or less daik longitudinal lines. The head and 
nape are dark brown or black, witli tlio sides of the snout or lip 
behind the eye yellow. Hinder part of the liead with two more 
or less distinct yellow spots or a yellow cross-bar. Tx)wer parts 
uniform yellowish white. This reptile is to he found in moist and 
shady places and deep down in the billon leaves in bamboo 
clumps. It is small and inconsphmous, and T know nothing of its 
habits, Mr. Urich once surprised one in the act of swallowing a 
little centipede. 


THE POISONOUS SNAKES. 

0 O L U im I D . 

Series C. Proteroglypha. — Poisonous, tlie poison being conveyed 
mainly through the anterior niaxilhn-y teeth, which are so 
folded as to appear hollow or p(u*f orated. 

The ELAPiNiE. 

33. Elaps corallinus. 

The local names for the first of the really dangerously j)oisonou« 
snakes on the list are ‘‘Coral Snake” (male), “ Serpent-Corail, 
and “ Corail.” Elapa coraUinim is hut a small creature, and is 
only likely to do harm if trodden upon by a hare-footed person 
or is roughly handled. Its fangs are comparatively small, and 
cannot penetrate thick leather or clothing efTectively enough to 
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make a wound. The lengtli is 790 mm., of which 70 mm. f)elong 
to the tail. In tiie British Museum Catalogue the description 
is as follows : — 

“ Eye measuring two-thirds to three-fourths its distance from 
the mouth in the adult Rostral broader than deep ; frontal a 
little broader than the supraocular, once and a half to twice as 
long as broa<l, as long as its distance from the end of the snout, 
a little shoi ter than the parietjils ; latter as long as their distance 
from the internasals; one pne- and two (rarely one) j)ostoculars ; 
temjjorals 1-f 1, the anterior sometimes fused with the sixth 
labial ; six upper labials, tliinl as large, or a little laigcr than the 
fourth, third and fourtli entering the eye, three or four lower- 
labials in contact with the anterior chin-shiehls, which are shorter 
than the [posterior. Scjtles in fifteen rows. Ventrals 179-231 ; 
anal divided ; subcaudals 30 47. Body with black annidi edged 
with yellow, .separated by red interspaces wliich may be more or 
less profusely spotted with black; head black above temples, and 
often a more or less broad band behind or partly on the parietals, 
yellow.*' 

This is a good description, but in my observation, which covers 
a long series of individual specimens, the edges described above 
as yellow are white. The black rings w-ith their white edges are 
generally only about half the width of the black-spotted red 
bauds. 'J'he scales are smootb, without j)its. The subcaudals 
a, re in two rows or partly single, partly in two rows. The fangs 
are two on each .side of the upper jaw and are in front of the 
other teeth. 

Here it wouhl be as well to remark on the woid “Coral *’ that 
the writer has been informed that as applied to this snake and 
the next, “ Coral ” is the corruption of the Spani.sh word “ Corro,’* 
meaning a ring. This is a gooil description of these creatures, 
which are girdled with re<J, black, and white rings. When 
referring to the colour t)f a snake — tliat is, a ooral-tinle<l .serpent : 
a young (h't/rhoptts coronatnSy for instance, — the South American 
Spaniards .say “ Cka'allile.” 'Fhe Trinida<l peasant, who loves to 
clip his w'ords as much as possible, with much ease abbreviates 
this to “ CVnal,’* imagining that the red is the distinctive marking, 
and not the and thus in referring to these ringed venomous 

serpents the .signifii!aiice of a most expressive de.scriptive word is 
lost. Moreover, the country j)eople of the colony cousidei* th.at 
the dilVerence in the arrangement of the colours of this and 
the next species indicates the sexes, the present one being the 
“ nmle.” E, corallimts, how^ever, is a smaller animal, and its 
colour-pattern is more regular in arrangement than that of its 
cousin. 

In captivity it also differs in its habits, for although not averse 
to feeding in the daytime, it is most lively at night. It is fond 
of water, and one which was for some time under observation 
bathed regularly every day. If the bath was not clianged 
frequently, it neglected its diurnal dip. In the Cerro Oropouche 
Pace. ZooL. 8oc. — 1924, No. XVll. 17 
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Mr. Urich once saw a Coral bathing in a small pool by the 
roadside. So far as has been observed, the Corals of both species 
are snake- eaters, and this particular Elaps has been seen many 
times devouring little ground-snakes (^Airactiis trillneabis)^ which 
rarely exceed twelve inches in length. These snakes it attacks 
and swallows at any time of the tlay or night. A ground- 
snake four inches long was introduced into the (k^ral’s cage at 
9.14 r.M. and had been swallowed by 0.25 r.M. One, nine inches 
long, was seized and entirely engulfed in thirty-nine minutes. The 
actual process only occupied six and a half minutes. The little 
victims fought bravely for their lives, twisting their bodies round 
the destroyer's head into wonderful knots, and doing everything 
in their power to stay the gorging process. Their tail.s twitched 
and wriggled as they disjippeared, which wouhl seem to indicate 
that the venom of this Elnps is not so ]>otcrit as th.at of tlie next 
one to be noticed. Elaps corallinas has l)een obserxed to j)air in 
January. Two eggs wwe found with one in July. 

34. Elaps marccjravit. 

Local name: “Coral Hnake ” (female). “ Oornil.” Total 
length 1 120 mm. ; tail 100 mm. Jn the ‘ ( -.italogue of the Snakes 
in the British Museum ^ the species is described in the folloxving 
terms : — 

“ Eye measuring two-fifths to three-fifths its distance from the 
mouth. Ro.stral Vnoader than deep ; front, al as broad as or 
broader than the supraocular, once and a lialf to twice as long as 
broad, as long as its distance from tlie <m<l of the snout, shorter 
than the parietals ; latter a little longer than their distance from 
the in ter nasals ; one prie- and two postoeulars; temporals l-fL 
anterior usually much longer than the si^cond ; seven upper 
labials, third much larger than fourth, thir«l and fourth entering 
the eye; four lower labials in contact with tlie anterior chin- 
shields, which are as long as ora lltth* shoiter than the posterior. 
Sciales in 15 rows. Ventrals 210 240; anal divided; suhcandals 
23-42. Body with black annuli disposcal in threes, the middle 
one usually xvider ; six to ten sets of annuli, separated by broad 
red interspaces, which, like the narrow greenish-white annuli 
within each set, may be dotted or the scales (Mlg(*(l with black ; 
snout yellow, the end usually black ; a more or h‘ss black hand 
acmss the middle (‘f the head ; back of liead red, the npi)er head- 
shields sometimes all black, edged with yellow.’’ 

To this may be added : — “Scales smootli, without pits . . . sub- 
caudals in two row.s or partly single, partly in two row\s.” 

Like the preceding species this Coral is a nocturnal animal, 
and is at night very lively and <|uick in its movcmionts. In day- 
light it is sluggish and loth to bite, and usually allows itself to be 
handled to almost any extent. Of this snake the late Count de 
Verteuil wrote: — “It can be handled without danger, cliildren 
very often playing with this viper encircling it round the 
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neck. I have myself inore than once carried about Corals, not 
suspecting they were venoniou';. The apparent iniiocuity of 
the Coral arises from the peculiar conformation of its head and 
mouth ; the head is of the same growth with the body* and not 
separated with a distinct neck ; nor can it on account of its 
anatomical oiganization open its jaws snfliciently to seize and 
bite any bulky body. It is nevertheless highly poisonous.” All 
of this is perfectly true, but it is not always safe to handle a 
Coral. Some years ago a drunken East Indian at Couva was 
going about the village playing with a Coral snake and carrying 
it in his bosom. At last the snake could bear no more and bit 
its tormentor, who died some hours afterwards. De Yerteuil 
says that tjasiialties through the bites of Corals are rare. In his 
work on Trinidad, however, he relates one instance. Two 
robust African labourers were at work in a cane-tield on La 
Marguerite Estate, in the ward of St. Jo.sepl). Having dis- 
covered a Coral, by w’ay of amusement they laid hold of it. 
Of their fellow- workers’ warnings they took no notice, but, on 
the contrary, continued to lease tlie reptile, and even put its 
head in their mouths. Eventually they were both bitten, one on 
the lip and tlu? other on the tongue. This happened about 1 r.M. 
The one wdio ha<l aj)parently most irritated the creature soon 
began to reel about as if drunk. Convulsions followed, and be 
was dead about eight o’clock ; the otluu* <lietl an hour later. 
I’his (/Oral was pnvscTved by Dr. Court. It measured four and a 
half fe(‘t long, and the writer saw it in the Court Collection at 
the Victoria Institute, which was afterw’ards destroyed by lire. 
It was distinctly referable to the species under considei'ation. 
Tile Hon. Alb(3rt (^air relates a more recent incident. At Brasso 
(japaro a fine black man, heavily loaded wdtb cacao, stepped into 
a drain and then on to the road. In the drain, he trod on and 
w'as bitten by a (/\)ral. The injury was on the thin skin between 
the toes. Mr. Carr did not see the victim until many hours 
after the occurrcMice, when remedi<*s were too late to be of any 
use. The man <lio(l the next morning. Some years ago, late one 
evening there w^as great, excitement in Queen Street, Port of Spain, 
for a large Coral snake of this .species w^as crossing the road, and 
w^as obviously attempting to get into Trinity Cathedral enclosure. 
I happened to be at iny oftice that evening, and I was called and 
with a stick J wt?nt. out to catch it. The night was dark and the 
street lights were distant. There was a crow<l of about one 
hundred agitated people. A friendly shoemaker held a Hickeiing 
candle. Whenever an attempt was made to hohl down the snake 
with the stick the reptile turned and bit in, and its poison fangs 
could be heard grating on the w’ood. It was taken at last. It 
was 42 inches long. Undoubteilly this snake would have bitten 
and probably killed anyone who had taken it up. I’he largest 
Coml 1 have seen was 40 inches long. These anake.s are often 
found on sugar e.states, hiding under the leaves on the ground, 
but they prefer damp ravines, and cacao estates where there is 

17 * 
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shade, for they are thirsty animals. 8o far as we know, this 
Eiaps, like the preceding one, is a snake-eatej*, though Mr. Urich 
knows of an instance where a Scolecosaurus lizaid was a victim, 
and Mr. fe. L. Ditniars, an American opldologist, has iniornied 
me that he has known it to destroy and devour skink-like lizards. 
My personal experience is that it is always dillicult to get tlieni 
to feed. When they have done so, their prey has always been 
small harmless snakes. There has never Ix cn an o})portunity to 
try them with young Lachesis. It would be inter(‘sting to know 
the result when such highly venomous snakes are introduced to 
each other. Probably both would die of snake jioison. Wounded 
Coral snakes often disgorge groiiiul snak(‘s. Kor n snake Eiaps 
maregravii is possessed of a comparatively small solid ht‘ad and four 
short fixed fangs, two on each side, whicli me situated ratlier 
further back than the long folding teeth of t he vipers. The fangs 
in each pair are side by side instead of following t'acli other. 
1 do not know wbetber both fangs in a })air are jjoison eonduetors, 
though both liave grooves. The short nes.s of the fang.s and the 
small size of the moiitli prevent these snake.s from luting anytldng 
large. This Eiaps I'elies considerahly on its poison to overcome 
its victims. To one specimen, ‘ki inehas long, a Liophls Dielanahts 
was introduced. It had disappeared tin* next day. and there was 
a slight increase in the Coral’s circumfmenee. A week later a 
young Drywohins hoddmrti similarly vanished. I'liree days later 
another Z. melauotus was disposed of. All tlie.se snakes mani- 
fested the gimtest nneasine.ss, nay terror, in the presenee of the 
Coral, though as long as daylight lasted the Eiaps {»ai(l tlieni no 
attention. Fifteen days later, at niglit, a A. tnehmoiKs^ of J7.j 
inches, was put into the cage. 'J'ho moment it ent(‘red, tlie Coral 
raised its head, hut immediately resumed its <pii(*sc(*nt attitude. 
Subsequently it bit the visitor near the tad. The poor victim 
was at once released, and actively iuommI nhout witli tlic tail 
raised. Jn five minutes it laid its Jiead down sliglitly on one 
side; its body twitched as if in pain, am] three minutes later it 
was dead. The Coral at onee seized it four inches from the head, 
then worked it through its jaws to within an ineli of its iiead ; 
then let go, and seizing it again, worked down the body for about 
three-quarters of its length. Ft let go again, and then cauglit 
hold of the dead snake witliin an inch of its head, worked it to 
the muzzle, whieli it got into its mouth, and tlien proceediul to 
swallow it by sidelong jerk.s, First right, then left, in rapid succes- 
sion. After it had swallow'ed about iialf the dead snake, it began to 
make the usual drawing, muscular motions wliich are characteristic 
of the deglutition of most of tlie Ophidia. After the meal the 
Coral yawned several times. Dining the first part of the 
swallowing tlie victim was held down by a liight of the Coral’s 
body, from to 3 inches from wdiere its jaws were woiking. 
The swallowed snake was nearly as thick as tiie Coral, and when 
it was going through the preliminary of being passed through 
the latter’s jaws, there were little crackling noises, as if the bones 
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were being broken. Tlie whole operation of killing and gorging 
lasted one hour. In consequence of being frightened, the Coral 
vomited its meal during the night. Tliese observations, with 
some v^'iriations, were re]>ente<l sevei al times. The victims usually 
died in four or five' minutes. One was bitten three times in i npid 
succession. One was lield until it was dead. In order to 
ascertain the effect of the bite of this Elaps on a warm-blooded 
animal, Mr. Urich, who helped me on all these occasions, shaved 
the thigh of a large well-grown rat. The Coral was forced to 
bite it at 8.3 p.m. 'fhe rat immediately got drowsy. Subse- 
quently it began to pant violently, but was still drowsy. Then 
the tail began to twitch, as also did the muscles in the region of 
the s])ine. At 8.11 p.m. convulsions began. At 8.14 p.m. the heart 
had ceased to beat. Ele\ en minutes elfij)scd from bite until death. 
When biting, the (\)ral held on for about In seconds. 

V I p E u i D M. 

‘•Facial bones mo\able; .... maxillary much abbreviated, 
erectile }>erpendicularly .... supporting a pair of large 
poison fangs without external groove .... Poisonous.” 

“Subfamily (JKOTALiN-f:. The ‘Pit-Vipers.’ So called 
because there is a deep ca\ ity or pit between the eye 
and the nose lodged in the hollowed-oiit maxillary bone. 
This pit is lined with a modifie<l continuation of the 
epideianis, and is amply supplied witli biancbes from the 
trigeminal nerve. It is umloiibtedh sensory, but we do 
not know its function.” — Di-. H. Cadow’s ‘Amphibia 
and llej)tile.s.' The ( -ambridge Natural History. 


35, IjA(!1m:.sis mpti's. 

Local 4'rinidad name: “ ]\Tapepire ZLViianim,” Pine-apple Mape- 
pire. British (biiana name: ‘* Busbmaster.” Total length 
1995 mm., tail 170 min. This snake i?> thus de.scribed by 
Dr. Houlenger in the ‘(Catalogue of the Snakes in the British 
M useum ' 

“ Rostral as deep as broatl or a little broader than deep ; nasal 
<Uvided ; upper bead -scales very small, granular, smooth or 
obtusely keeled ; supraocular narrow ; two or three scales 
separating the internasals in front: 10 to 15 scales on a line 
between the supmoculars ; four or five series of scales between 
the eye aud the upper labials; toinpoml scales obtusely keeled; 
9 or 10 upper labials, second usually for nn'ng the anteror border 
of the loreal pit, third very large. Scales tubercularly keeled, 
feebly imbricate, in 35 or 37 rows. Veutrals 200-230 ; anal 
entire; subcaudals 32-50, all or greater part in pairs and 
followeil by very small keeled scales covering the end of the tail. 
Yellowish or pinkish above, with a series of large rbqmboidal 



262 


MU. R. R. MOLE ON 


dark brown or blnck spots enclosing smaller light spots; a black 
streak from the eye to the angle of the mouth.” 

This snake, whicli is the largest venomous reptile found in 
either North or South America, is indigenous to Trinidad, 
De Verteuil mentions one killed at (V)uva whicli measured 
eleven feet. Seven- and eight-foot Mapopire are nob uncommon. 
The reptile is often found in burrows occiijiied by liappe 
(Coelogent/s paca), and sometimes in the holes in wliich the Tatou 
(Armadillo — T, iiovcpmcincta) resides. My iirsi nerpiaintance with 
the wild Mapepire was in this wise. When walking in the High 
Woods of Caparo with Mr. Albert (.’arr and his brother, the 
late Mr. Artie Carr, we heard a dog yelping and a man calling 
for help. We crossed a deep ravine, and on t.lie opj)osite bank 
we found a Peon, who said that his <log h;ul been Idtten by a 
Mapepire. The wound was in the animal’s slionlder, and Artie 
Carr cut the punctures so that the blood would flow readily, 
and he heroically tided suction. He also forced the dog to 
swallow a local remedy which is known as “ Melidoi’s Cure for 
Snake-Bite.” The animal was a small one. and it was very thin 
and in bad condition. In spite of all that w^as done for it. three- 
cpiarters of an hour after it was liitten it died. We proceeded to 
open the burrow in wdiich ^he snake was said to be. After a lot 
of digging, for perhaps half an Iiour, during which a great 
quantity of earth was removed, the Ma}>ej>ire was found four or 
five feet in, and we took it alive. Jt was quite a small snake, 
only being about 5^ feet long. It wa.s very (pii(‘t until it was 
actually touched, and even then it did not make much resistance. 
The next one I met w^as beyond Tahaquito, soon after the railway 
was opened in that di.strict. AN’^e had b(‘en one or tw'o days in 
the forest, and had reached a spot where we eonld distinctly hear 
the sea beating on the eastern coa.st. While at “ coffee” early 
in the morning, we licard a troop of Howlers engaged in 
their orisons. The noise w^as appalling. As they were c-lose at 
hand, we set out to try to shoot one. We liad not gone more 
than a few yards wlien the br(*aking, and fall, of rotten hninelies 
warned us that wo were near the monkey s. At the same moment 
one of the men called out “ Serpent ! ” Looking down, I saw^ 
ahnoHt at my feet, in loose coils, one of tlie large.st MajHipircs 1 
have ever seen. It was nine feet long. Mr. A rtluir Carr promjdly 
cut a forked stick, which T plante<l astride tlie snake’s neck, 
pinning it to the ground. Holding the stick fii mly, I looked up 
and saw a troop of eight or nine Bed Howlers pass in procession, 
in single file, high up in the trees — it w^ns a sight I .shall never 
forget. The party loosed off a good many guns, and killed three 
young females before the rest of the troop escaped. The game 
was collected, after which we proceeded to put the snake in a 
bag. During the whole of those exciting moments, while five or 
six men ran and shouted, whilst at least three were shooting with 
double-barrelled guns, that snake never moved. It might have 
been dead, it was so still. It only began to .srpiirm and wriggle 
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when it felt a warm hand on its neck, and then it opened its 
gaping jaws widely and moved down and displayed its inch long, 
cruel, formidahlc fangs. Mr. Emmanuel Pereira, who caught 
a Mapepire at assures me that lie carried it in an 

open box for a ilistance of 150 feet. He kepi the creature 
a fortnight, during which time it devoured a wood-rat. Some 
mischievous person wounded this snake during its journey to 
town, and it was just dead when it reached me. It measured 
91 inches. But Mapepire Z^Ananna is not always so docile 
as these instances would seem to indicate. Sometimes it is 
roused to the greatest fury, and then it strikes out rapidly 
and repeatedly at its enemies. One such occasion Mr. Artie 
Carr told me of, when all the dogs were baying round the 
angry reptile, wliicii, however, fortunately did not succeed in 
biting any one of them. Mr. Albert Carr i elates how one Mape- 
jiiro (7 ft. 10 in. long and 3 in. in diameter in the thickest part) 
was dragged by a dog out of a hollow )>alata-tree before it w^oke 
up. Half-a dozen dogs attacked it, and four were promptly 
bitten. The fir?>t died almost immediately and the second 
succunihe<l within a quarter of an hour. The others ivere caught 
and attended to, and recovered in a few days. I'he remedy used 
was one locally known as “ Melidor’s,’^ and is described as com- 
posed of ceitain loots, harks, and seeds in rnm. It is said to he 
a pleasant tliough strong balsamic hitter,” Mapejiires have 
their natural enemies in the forests, for, in a hit of High Woods 
at Mr. liorei ’s estate aiCuiaco, I found the freshly-killed remains 
of a very large one, Tlie head and first half of it had been 
devoured, 

I have liad to do with many Mapepires in confinement, and 
my experience is thai they are iuo.st timid and retiring creatures. 
They are extremely difficult to menage, because, as a rule, tliey 
absolutely n 'fused to fee<l. 1 have tried tliem with eggs, mice, 
rats of all sizes, little rabbits, chicken, lizards, frogs, and any other 
small animal 1 could get, both alive and dead, hut with very little 
success. Mapepires kept out of doors in a wire-iiet-hottomed box 
sunk in the earth, witli two or three feet space above, furnished 
with a. hollow log to lie in, an<l the top covered with a wire net, 
ha\e twice or thrice killed and devoured half-grow n common rats. 
Hubsequently they liave either disgorged the meal or have died 
when sloughing — ahvays a difficult operation with these snakes 
in captivity. As a rule the snake will e\en allow the rats to 
bite it, and will only try to escape, although it must know that 
one tiny prick of its terrible fangs would mean speedy death 
to the tormentor and peace to itself. But it does not even 
attempt to bite. One, which I obtained at the end of December 
1915, refused all the aiiiinuls enumerated above, and actually 
amicably shared with a Manicou OrosYeux {Didelphf/s philamler — 
an opossum, about the size of an avenige rat) a small box which 
was in its cage. The Manicou was apparently veiy frightened 
at first, hut the snake did not show any ho.stility lo his room- 
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mate. I linve learned by experience that wlieii a Mapepire in 
confinement shows viciousness it is a sure augury of its speedily 
approaching death,* wliich occurs a day or two afterwards. 
Niiinbers of Mapepires only survive (*a}>lui*e six weeks or two 
months. Four months is the longest time f ha\e had an adult in 
captivity. Besides being a very timid animal, which starves 
itself to death, there is another reason wliy tliey are so short- 
lived. The Mapepire's backbone is not so rtexi))le as is the spine 
in most other snakes. When one takes a Mapepire in his hand, 
he naturally holds the neck very tightly, and in such a w’ay 
that the enclosing fingers cannot be punctured by the long 
mobile fangs, which can be used independently of each other — 
one may bt^ closed or partly closed and the other may be fully 
open ; it is dangerous to put the lingers right round the in‘ck. Jn 
the mean time the snake is twisting, wriggling, and scpiirming, and 
it is not very long befoi'e the operator licais a little sharj) sound 
as if something had snapped. The snake has injured its back- 
bone, and sooner or later the hurt is certain to prove fatal. On 
one of the few occasions when 1 liave had two Mapepires together 
I wished to tiansfer them to bags. I lu'ard the snap with the first, 
but got it into the bag safely. When the seccaid was taken up, 
there was also a .snap. The animal relaxed with oj>en jaws, and 
lay dead in my hand. The first snake died three or four days 
later. Since then 1 iiave never toiiclied a Mape})ire, and ] hav^e 
impres.sed on all those who catch them that they must do so with- 
out handling them in any way. Whenev(‘r it is necessary to 
transfer a Mapepire from a hag to a cage, or nW rprs.t it is l)e.st 
to allow the snake to perform the operation itself. It may he 
regarded as surprising, but nevei tlioless it is true, that Mapepir(‘s, 
like all other snake.s, when they know what is recpn'red of them, 
having been once put through tlie routine, never forget it, and 
are willing to do what one W'ants tluiii to do. All that is 
necessary is a little patience. 

One October, some yeais ago, Mr. Artliur Carr brought me a 
very small Mapepire Z'Ananna in a cigar box. Jt was a. foot or 
fifteen inches long. There was ariotlier wlieie it w.as found, but 
the men killed it before Carr saw it. Whereas the young of the 
other Mapepire (//. airox) is often brought to me, this w'as the 
smallest living young Mapepire Z’Ananna I recollect having ever 
seen. At first it was very shy about feeding, but eventually 
devoured mice regularl} . It, like the adults, was sometimes very 
adverse to feeding, and on one occasion a mouse which was allowed 
to stay rather too long in tho cage nipped off the end of the 
snake’s tail, and with it, of course, the nail like scale which is such 
a marked chai'acteristic of the species. Like the adults this little 
.snake had much trouble at the sloughing periods. On tlie first 
ocea.sion he did not shed at all and the old skin remained on. 
AVhen his eyes turned blue again — a certain indication of the 
approach of the sloughing period — I put him into a bottle of 
water, and allowed him to soak for many hours, after which both 



THK TRINIDAD SNAKES. 


265 


sloughs were successfully reniove<l by hand, a very delicate and 
risky operation, althougli tlie little chap was (pjite quiet during the 
process. On another uciuision, wiien the blue stage had passecl ofi*, 
he vva.«« put in a wido-inouthed bottle of water and kept in by a. 
{uece of inosipiito curtain. Ilis confineinent lasted live days. 
When the netting was removed he left the bottle, and a perfect 
slough remained in the water. On tlie next occasion, three 
months later, he shed his skin naturally without any help, and the 
slough was nearly perfect — the only time that .a Mapepire 
Z’Ananna in my cages bus performed this very necessary function 
satisfactorily. At first, when feeding he was very ready to 
abandon his meal, but he gradually became bolder and ultimately 
did not mind l)eing watched. Ho even condesi‘ended to devour 
dea<l mice, an<1 when J appioached his cage he would lift his head 
expectantly. Ilis \ictinis expired very quickly, and Ids methods 
were precisely those of the rattlesnake. He met the fate of all 
pots. J was away from home for a few days and lie was fed too 
fre(|uently. The day I returned he nas obviously unwell, in 
pain, and he was moving about with his mouth open. During 
the night he died of intestinal obstruction, a trouble to wddch all 
captive snakes are subject unle.ss there is plenty of variety in 
their food. 'Fh is interesting Mapepire. which ha<l lived sixteen 
inontlis in a cage, measured inclu‘s long. 

Mr. Arthur D.irr used to relate a singidar encounter with a 
Mapepire Z’Ananna. Some East Indians \vere out on a nocturnal 
hunting exhibit ion, and one of them carried a light. They baited 
for a moment, winui they w'ere suddenly horrified at seeing slowly 
rising out of the. undergrowth the great head ami flickering 
tongue of an enormons Mapepire which was approaching the 
lantern. A (‘reole who was there dexterously beheaded the 
creature before it had satisfied its curiosity. Next morning 
the head was found with the fangs extended and the jaws closed 
on the stein of a young tree. The Mapepire agitates its tail wlien 
excited, ami rapidly striking the leaves or ground, makes a noise 
not unlike the lut-tle.snake. 

The vi})erine snakes are ovoviviparous — that is to say, the 
young are developed in eggs w hich are hatched on, or immediately 
before, exclusion from the body. Thei'e ar(‘ some exceptions, but 
up to July IfiOJ 1 was of the opinion tliat all the Jjachesis, in 
Trinidad at any i*ate, proilucod their young alive. Mapepire 
Ealsin (Z. atrox) had done so repeatedly 1 knew', ami so also had 
the St. liucia Fer de Lance ( L. lanceolatufi), and I supposed that 
Mape})ire Z’Ananiia follow ed that rule. Was it not recorded in 
the ‘Journal of the Trinidad Field Naturalists’ Club * that the 
Secretary exhibited (Nov. 1894) two young Mapepires (Lachesis 
rmitm) whicdi were taken from their mother by Mr. IL Hutton 
at Pool. Thei'e wrore a great many more, proliably forty. By 
reading I had learned that the rattlesnake, which Mapepire 
Z’Ananna so closely resembles, gave birth to living young, and 
therefore T had no doubt about the breeding-habits of the species 
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under review. The Messrs. Carr (without (‘oiitradicting this 
view in teriiis) seemed to be doubtful on tlie })()int. One day 
Arthur. Carr forwarded me fin imiueiuse ]Vra}>e[)ire Z’Ananiui. 
1 was away at the time, and tlie animal wjis placed in a cage, i 
returned, and on going to see the new snake, found that she had 
laid ten or twelve eggs, larger than those of a, duck. The snake 
was coiled round some of tlm eggs, and tliere were otliers umlor 
her folds. The cage was a small one. Tlio eggs were soft, white, 
and covered with a parchment-like envolo])e. There wjis not too 
much room for the snake, but she looked as if she was trying to 
incubate them. As the eggs seemed to be shrivelling, they were 
placed in an incubator. There they drie<l up entirely. Tlje 
‘ Field ’ published an account of the occiiirence, wherou{)on 
Dr. Boulenger, of the British Museum, wrote as follows in a 
subsetpient issue of the same paper: 

The record of an oviparous vi)»erine snake, Lachesis rnuttiSy in 
the ‘Field’ of August 8tli, is a very important addition to oiir 
knowledge. Mr. It. 11. Mole, to wliom tliis disco\(‘ry is due, bus 
sent a photograph of the snake ^^ith its eggs. T’lio scale of 
reduction will he i*ealizod from Mr. Mole's statement that the 
eggs are larger than a duck’s. The mother is about 7 ft. 0 in. 
in length. Tlio pliotograph was taken by Mr. (i. S. Rogers, of 
Port of Spain, Trinidad. Until IHDo all viperine snakes were 
believed to be ovo viviparous. In that year Dr. (binther men- 
tioned the exception offered by the African A Iractaspis, a state- 
ment since repeated in (ladowV Reptile volume of the Cam- 
hri Ige Natural History. Dr. (binthcr’s information was derived 
from eggs of Atractasjm irre(fuhiris from I'gnnda, colh^cted 
by Mr. Baxter in These eggs, jirescrved in S])irit in the 

-British Museum of Natural Hi. b)rv, arc 2 in. long. It has since 
been obseiwed at the Zoological (iardeus that tmoilier African 
viper, Ca^tsus rhomheaim, is oviparous. 'Jdiat. the two modes of 
parturition should occur in the same family, or even in the same 
genus of reptiles, is not very surprising fiom what we know of 
our two si)ecies of Jjuce^'ia tmA of the diffeient species of Tropi- 
donotus^ the type of which is our common grass snake, and is 
oviparous, whilst some American species are ovoviviparous. 
I may add that Lachesis vuttus is among the snakes reported to 
shelter their young by swallowing them. A well-known mining 
expert in British Guiana is stated l)y Mr. Qiielch to have 
observed one of these snakes to give out from its mouth, after 
being severely wounded, a number of small specimens. Incuba- 
tion of the eggs by the mother has hitlierto only been observed 
in pythons.” (Sgd.) G. A. Boulenger, 

Some years later the following references to this occurrence 
appeared in the ‘ Field ^ : — 

“Among the illustrations to the Report of the American 
Museum of Natural History for the year 1010 is a photogmph of 
a model of a * bushmaster ’ snake {Lachesia mvitC) and its eggs 
recently added to the exljibition series in tliat institution. The 



THE TRIXIDAB SNAKES. 


267 


legend to the illustration states that the species is ‘ one of the 
largest and most venomous of poisonous snakes of the Kew World, 
and supposed to be the only species of crotaliru* snakes that lays 
eggs.' The compiler of the report has e\idently overlooked the 
article in the ‘ Field' of Jan. 1, 1910, by Mr. 11. C. Leigh on ‘An 
Oviparous Jndian Viper,' in wliich it is shown that tlie lliiuahayan 
Mountain Viper likewise lays eggs. Jn that article the Mountain 
A^iper is cal’ed Trimeresurua monticola (Ounther). But in 
Mr. Boulenger's ‘ Catalogue of Snakes in the Britisli Museum ’ 
it is referred to the same genus as the Bushmaster under the 
name of Lachesis monticola. Although this is not definitely 
stated, Mr. Leigh aj^pears to have been under the impression that 
his discovery was tl»e first record of the oviparous habit among 
the Ch'otalime, or pit vipers. He had, however, been anticipated 
by Mr. 11. L. Ditmais, who, in the American edition of his 
‘ Jlepi iles of the ^^’orl<l,' published in 11K)7 adduced evidence that 
the Bushmaster lays eggs. This imforimition was supplied by 
Ml-. K. B. Mole, of IVrt of Spain, Trinidad, who wrote 
Mr. llitmars as follows : — 

“‘1 believe the lAich^.ala which 1 hope you received safely 
contains eggs. You will nunemher that one I had laid a batch 
of ten or tw<‘lve eggs three years ago. T have since learned that 
siirnlar bunches of eggs have been occasionally fouml by hunters 
in bo](‘s inliabited by tlie Paca {C(ilo(ieiif/a) and the Armadillo 
and other burrowing animals in which s[)ecimens of Lachesis 
Hiatus are often found. 1 liave seen these snakes dug out of such 
boles, but T have only setm the eggs laid in my cage.'” 

But the foregoing <liscov’ery as to Afapepire Z'Ananna lias not 
been allowed to go unchallenged. In December 1915, Professor 
(/. H. Halter, of the Department of Ueipetology, American 
Mu.seum of Natural Jli.storv, wi*ote to im» to the eflect tliat 
Dr. A^ital Brazil liad informed him that he liad hundreds of 
female Biishmasters (Alapepire Z’Ananna— L, mnia^ in his 
kt»eping, and witliout exeeption they gave birth to fully developc*d 
living young: none laid eggs, and he asked me for my experiences. 
I wrote to liini, narrating the above. 1 also wrote to the Hon. 
Albert C\Mrr on the subject, and he replied as follow s:~- 

“Ciiparo, Oth Folnunn, 1918. 

“ With reference to our ■conversation on Friday last on tlie 
subj€»etof the manner in which the Alapepire Z'Annaiia {Lachesis 
muia) bring fortli tlieir young, 1 may say that both Artie and I 
were of the strong opinion that they laid their eggs in burrows 
in the ground, and that w'o had on many occasions come 
across quite a number of eggs (clearly snakes' eggs) in lappe 
holes especially, and tatous’ holes occasionally. Cm* belief that 
these eggs, always of the siime kind, and similar in every respect 
to the lot you showed us many years ago in a cage with a live 
Alapepire which you told us had laid them, were Mapepire's eggs 
liad been strengthened by the nssiii'ance of Old Boney (a Spanish 
Peon), that calm and experienced hunter of upwards of 45 years 
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in these parts. Any doubt I may have hnd vanished when I saw 
the egg(i> in your cage. There can be no fear that such cieatures 
as Iguanas and Mattas lay such eggs, as tlieir eggs are too well 
known, while )H)ne of tin' coliibrine snak(‘s lay (‘ggs in any way 
approaching in a})pearanco those found by ns in the forests, and 
by you in your cage. Jf the above is of any use to you, you are 
at liberty to make use of it and to mention my name.” 
(Hgd.) A. B. Oarr. 

Mr. lleginald Carr supplemented this with the following: — 
He had found similar eggs many times. There \\c*i*e never more 
than ten or twelve. He had known six jind had seen two and 
three, and once onl}^ om‘. Homot.imes the eggs looked as if some 
animal had been feeding on them. The](* was no doubt in his 
mind that the.se eggs were not those of (Sibos or other large 
harmless .snakes, d'he Spaniards who Jiniit in the Trinidad woods 
all say that Mape})ii‘e Z'Ananna lays eggs. 

'I’here the matter rests for the present. I am loth to oppose 
my opinion to the statement of such a distinguished lier petologi.st 
as Dr. Vital Bra/.il, but there is no doubt that the eggs were 
laid in my cage. In his hook, ‘La Defense eontre )}»Iiidisme/ 
Dr. Bi’azil says Lachesis ^nvta is a rare snake. 1 agree with him. 
I think one of the reasons it is so i-are is that it is not nearly 
so pi’olific as the imich commoner A. atro.i\ w hich sometimes has 
as many as sixty young ones at a time. Jt is a, very iniei’esting 
point and T should like to set* it rlelinitcly settled, l)ut [lotential 
mothers of A. midvs ai’e very rare indeed. 

A coherent and reliable story of a case of snakt 'hiie is also 
very rar^e, and therefore I was glad to get the nai'jative of 
the Hon. Albert B. Carr, wdio had a. tmiihlo experience with a 
Mapepire Z’Anaiina. He wms a young fellow^ at the time, and 
was then, as he is now, a man of indoinitahk* pluck and 
determination. He tells the .story very gra]>hical]y, and there is 
no doubt that he owes his life to hi.s resolve not to siicenmh to 
the potent ])oi.soTi of a mere cr eeping tiring like a snake.” 
1 have no doubt that a person ca.st in al(‘ss resolute mould would 
not have survived the niglit. Here is Mr*. Chit’s (h*scription : — 

“ I have yours of the 18tli February asking me to give my 
experience of the bite of the Mapepire Z’Ananna, w hich I r eceived 
ill the late ’eighties whilst pioneering tlieahno.st unknown forests 
of Caparo. At the time of the occinrence, to the best of my 
recollection in the year 1889, 1 took full notes, which 1 intended 
to publish — tlris, however, for one reason or- anoiht r, I have not 
done. On receiving your letter I looked for- the paper, but I have 
misplaced it. I, how^ever, retained a vivid recollection of that 
never-to-be-forgotten incident — the most tragic of my life. Here 
is the story. 

“Whilst Lappe hunting on the low hill-ranges which line the 
Mamural Valley, accompanied by my brother lieggie and a 
faithful friend and servant, Sammy, we started a Lappe which 
sought cover in a hole on the slope of a thiiily-wooded hill. We 
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set to work in the usual way, with cutlass aiui S 2 )aile, to <lig out 
the quarry. In about an liour it wtis stabbed, and withdrawn 
from the burrow. Noticing that the end of the hole had not 
been reached, and knowing that it often hap[)ened that there was 
another Lapjie, or an Armadillo, in t he same liole, which was there 
before the entry of the one we had pursiuid, J inserted a thin and 
pliant rod, ami at once touched some living creature three or 
four feet further in. To fiinl out what it was, 1 thrust in my 
hunting'knife and arm as far as 1 could reach, and moveil it 
gently up and down anti felt what J tlnmght was the scaly hind- 
(]uartt*rs of an Armadillo. 1 noticed no movement but a light 
kick to the blatle. I paid no attention to it, and nevei- for a 
moment suspected the presence of a snake, tts 1 had on many 
occasions notic(‘d a similar movement anti had aftei vvards taken 
a ljtt|)pe or Armadillo, hut never seen a snake, although i hati 
been hunting for manv years. In later years, bowwer, 1 found 
Mapepire Z'Anaima occasitmallv in bolb Jjajipe and Armadillo 
bolt's, but prineipally in the foimi'i. if 1 iiatl liad any tloiibt, it 
woultl Inne betm sotm laiti <t» rest, for Sammy calletl out ‘1 bear 
it, Sir I it’s a Lajipe, let me prttbe the bole.’ Prtibing means 
linding out the tlirection before digging is undertaken, and 1 
again inst*rted my Imnting-knife ami was immediately bitten on 
the iniua* sidt* of my left tJuiinb. As J vvitbtirev\ my liantl, i saw 
tiie beatl tif a largt* Mapepire Z'Ananna bohling on to riy tliumb. 
It was only for the fractitm of a sectind, ami then the snake let 
go and v\itlidrt*w into the buirovv. As tjuick as thought J called 
my hrotliei* to optai my haversack ami take tint my jienknife and 
a phial of ‘ Melitlor’s Antitlote to Snake- Ihte.’ At the same time 
I gripp£?d my wrist with all the power of my I'giit hand, and 1 
called to Sammy to cut a long pt*mlant root of P/tilodeudron 
(Segiiin) with which to make a. ligature. Jhit these orders given, 
imagine my dismay when the penknife was nov\here to he found, 
and the antidoti* on v>hich I pinned my faith i^as it had to my 
know'le<lge lH*en ns( d witli success in more than one case where 
dogs had heeii hit ten) had been reduced to one half-dose b}" 
leakage through a faulty cork. Failing the penknife, my brother 
usetl his hunting-knife, vvhicli hacl been blunted during the 
jjrogrcss of tin* day. After sawing acioss the punctures (it coukl 
not be called cutting) in two directions, a little of the antidote 
w^as ap]>Iied, ami I, drank the rest. Saiiiinv, meanvvlnle, had 
applieii the ligature. Tlie whole of the treatment did not occupy 
more than three or four minutes. 

“The first sensation experienced vias that of a sharj) stab. 
Tlien followed intense pain, ac{*ompanied by a feeling of cold, 
attended by shivwing and giddiness. The lust two sensations 
disappeared on my flaking a diniight of the antidote, which I 
presume was due to there lieing alcohol in it. TJie thumb and 
hand hewxm© much inflamed, and the forearm and wiist were 
extremely painful. The dressing of the wound ov^er, the next 
best thing to be done was to hurry liome as quickly as possible, 
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ainl as there was but an hour of daylight before nightfall, and a 
distance of three miles to traverse through the forest with all its 
natural inpediinenta of lianes and tliorny vines, there was none 
too much time. Some loose earth was thrown into the Jiole, 
which should have been tightly rammed. The trees were blazed 
round it. Then wc set off, I leading as the others were not sure 
of the way. The Lappe w’as shouldered by Sammy, and 1 carried 
a large Agouti, wliich, being hung as a sling, allbrilod a soft Und 
partially warm support for my very sore and fast-sw^elling hami 
and arm. After a rapid tramp for an hour, during which we 
picked up a large Morocois (tortoise), home was reached — not the 
well-found home where stimulants ami a im'dical cliest exist — 
simply a large, airy, thatched ajoupa, containing none of the 
accompaniments of modern civilization. The excitement of 
wallcing over, a quarter of an hour later my terrible tnmhles began. 
My hand had begun to take the shape, and threatened to assume 
the dimensions, of a tliree-qiiarter-si/ed football, whi(di itaetually 
did towards midnight. My sufferings tliroughout the night and 
in the early hours of next morning w(‘re most intense, and it is 
difficult to sa}^ in wdiich part of my l)ody tin* p.ain was most acnt(' — 
at the wound, in the armpit, the heart, or the abdomen. 1 am 
inclined to think the last-named w as where the pain seemed to bo 
a death-racking eramj), 

‘‘At 8 P.M., being unable any longer to la^ar the }>ain caused 
by the ligature at the wrist, I h.ul aiiotlier placed ovei* the elhow', 
and then removed tlie first one. I then took to my bed, and an 
hour later a fit of vomiting came on, wiiicli continued atfretjuent 
interv’als until 1 a,m. The vomit was mainly black, and 1 
thought it consisted of congealeil blood from the Jungs. Tins, 
added to the great pain i had undergone for so many hours, did 
i\ot tend to make matters any better for me, but lather resulted 
in completely prostrating me, and it was not until 7 a.m, next 
day that J was somewliat revived after taking a few' sips of black 
coffee— the first food of any kind to pass my li}»s since noon on 
the previous day. From that time until live weeks later I w^as 
unfit for all work. The thuiuh, meanwdiile. laid undergone a 
great change, for practically all the fiesli and the nail fell off. 
The new flesh grew" slowly, and when quite liealed over, the 
thumb w"as only about three-<piarters of its original size, while 
for years it was perfectly numb. There was no treatment beyond 
that administered in the w'oods. My lu-othei* sat up all night 
with me, and )ueasured my ann at intervals of fifteen minutes and 
made notes thereof. These showed that the swelling increased 
until 1 A.M., and then began to decline and by daybreak had 
very considerably decrefisod, as also ha<] the p-ain. 

“ Within a fortnight of tbe bite, my brotlier Artie, prcKteeding 
on the description of the hill and the environment wliicii I gave 
him, succeeded in finding the hole, and to his and my disappoint- 
ment found that the snake had made its escape through the 
loosely-packed earth which had been hurriedly throw^n into it. 
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Ills mission, however, was not. nlfco^ether a failure, as lie found the 
freshly-cast skin of a large Mapepire Z’Ananna within a few feet 
of the hole whore J was bitten. A few persons, all townspeople, 
and among them Mr. J. H. Hart, Kuperintendent of the ilotanic 
(lardens and botanist, (questioned my statement that 1 had been 
bitten by a Mapepire Z'Ananna. Mr. Hart claimed that as the 
snake had escaqied, no reliance could be jilaced on my narrative. 
All Trinidad wooilsmen know po,sitiv(dy, and their knowledge of 
woodcraft is (juit(^ sullicient for me, that none of our venomous 
snakes but the Ma,pe[ure Z’Ananna lives in tluj burrows of ljaq»}>e 
and Armadillo, ami that the only other large qioisonous ophidian 
of the island, viz, the Mapepire Barcin, or Trinidad Fer de Lance, 
inhabits the lianks of muddy streams, such as the Uaqiaro and the 
Cumiito. 

Very few people livtsl in (^^iparo in those days, ]>ut the news 
sqiread, and the ^erv m*xt day the only woman within miles came 
to see me, and to warn me that if before I was well I met an 
expectant liuiimn mother I would surely die. 1 laughed, ami 
feeling stronger the next day, made the journey t(j town, wlien 1 
met not one, but many, and yet J arn still, 27 years latei*, alive to 
tell the tale.” (Sgd.) A. B. (>an. 

Mr. (J. »S. Jiogers, the Forestry OHicer, tells me that a dog, 
which was in good condition, w’as brought to him in a mcmibund 
state. It had been trying to get into a hole, wlion it W'as bitten 
oil tiie top of tin* liead by a snake —quesiimahly a Majieqiire 
Z’Aiianna. The two punctun^s w'ero plainly visible, and the h€*afl 
w<is swollen. Mr. li )gers opened the wound, talcing care not to 
injure tlie thin skin envelo{>ing the skull, and rubbed in as mucli 
permanganate of potassium as w'ould cover a threepenny hit. 
The dog recovered in tlie cour.'^e of a waudc. M.aqiepire ZWuaiina 
are found in various parts of the country, hut are said to be most 
common in the northern ninges, where they are fretpiontly 
found in the neighbourhood of (juarries and amongst rocks. 

3G. Laciiesis athox 1... 

Lncral Trinidad names: Mapepire Balsiiin, M. Baivin, 
Valsin, Fer d(* Lance. The young on(^s are called Kabo Frito. 
Total length 1 1 10 mm. ; tail IHC' mm. The follow ing descrij>tion 
of this snake aqipears in the * Catalogue of the Snakes in the 
British Muscnni ’ : — 

‘LSnout obtusely pointed, with sharp, slightly raised cantlms. 
Rostral as deep as broad, or a little detper than broad; nasal 
divided ; upper head-sc'ales small, imbricate, more or less strongly 
keeled, in 5 to 9 longitudinal series between the snpraoculars, 
which are large ; a qmir of large int(»rnasals forming a suture w ith 
each oilier, and a large caiithal ; two postoculars and one, two, or 
three suhocnlars, separated from the labials hv one series of scales ; 
temporal scales keeled; seven (rarely eight) upper labials, second 
forming the interior border of the loreni pit. Scales in 25 to 29 
rows, strongly keeled, the keels on the qiosterior part of the back 
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very liigh, swollen in the middle and much shoritu* than the scjile. 
V^entrals 161 -216 ; anal entire; subcaudals 47-73 pairs. Jiiovvn 
above, with more or less distinct dark, light-edged cross-bands or 
triangles with the apices approximating on the vertebral line; a 
more or less dark streak from tlie eye to the angle of tlie mouth ; 
belly yellowish white, much speckled and blotelied with brown, or 
brown spotted with yellowish white.*’ 

Ill the ‘ Catalogue of Snakes in the Ih itish Musomn ’ Lachesis 
atrox appears as the third species of the genus Lachesis, 1 is 

Z. viHfus ; No. 2, L. lanceolains, which is indigenous to fSouth 
Ameriwi, and is found in all the eountries fioin iVlexico in the 
North to Brazil in the South and Pei u in the West, and also in 
the West Indian Islands of St. Jaicla .and Marti nitpie. No. 3, L, 
atrox. Now, while there is no elumce of anyone confusing 
L, mutns with either L, loitceolalns or .t. afrax. the diiliculty of 
distinguishing between the last tAAo snakos is \t*iy gre.at indeed, 
for they are the Tueedle<liim and TucsMlIedee of tin* Ophidia. 
Indeed, after describing L. huiccolatns^ tlu' tiistingnished author 
of tlie Ciitalogim, Dr. Boulengei*, sa\.> ’I'his s^ieeies may hav e 
to be unittal with the following ( Z. a/ro.r). 'J'he only character* 
by which 1 have di.^tingnishfMl the twc;. viz. the haigtli of the 
keel on tin* dorsal scales, is not dependent on age or sex, as had 
been siqiposed. Some sp ciiiKUis <»f />. luKaulatus, however, 
approach Z. atrox, in the .swelling of the scales at t he base of the 
keels, and are thus internje<liate helvveiui the tAVo su]>pnsed 
species, Jt is also not impo’isibh* tliat two or three spcfies are 
confounded heie under Z ia/nroltdas^ hut 1 iiave been unable to 
trace .‘in y limits or to lind any corndation bd-ueen tbe mo<li- 
licatioii in scaling and color.ition.' Dr. Brazil, tJie talentiMl aiulior 
of ^ La. Defcn.se contre J70pbidi.sme,* wliile admitting that the 
resemblance between Z. lanceolaias and L, atrox is viuy close, 
•siiys ‘‘the system of coloration and tlio eharacteri.stics of ihe 

venom constitute the best means of distingnisliing them. 

As regards color.it ion, J liavi* seen many Lachvsi.s at^u^x, and my 
experience is that individuals diller in sliadi*, .^oine being light 
and others darker, but as a rule t, hey ai e liglitei’ than the only 
living a<lult Z. lanceolatas . laiei.i Fiu’ de Jiiinee) I Iiave seen. 

] have, however, .seen a large number of ver> Noung living Kerde 
Lance, and so far as my recollection goes, laid they been mixed 
with a lot of young L. atrox ot the saim* sizi*. it would have been 
very dithcult to sa} vvlii^di was winch, f havi* had .sjxHdiueiis of 
L, atrox in my po '.se.s.siou for yeais, and they have gradually 
become, darken* with time. Jt is h(*cjuise of this very little 
difference — if any exists — betwinm tlie two species, vvhi(;]i Dr. 
Boulenger thinks may have to bo uiiiteil, that I always call the 
L, atrox of Trinidad ‘Per de J^ance,’ diseai'ding the Mapepire, 
wliich thus becomes exclusively ajipliud to Lachesis mntas,^' If 
this plan is adopted generally, it helps us to avoid some uncer- 
tainty, and if, as Dr. Vital Brazil contends, the poisons of the 
genera of Lachesis differ accoiding to the species, and that> each 



TUC TRIKIBAD SNAKES. 


273 


requires its own antidote, it may well happen that it will become 
of the utmost importance to the medical man and woodsman to 
know what kind of a snake bit tlie patient before applying the 
specific remedy which is calculated to do the mostgootl. If it can 
l>e definitely stated that the creature which caused the trouble 
was a iVIapepire (X. mat us) or Fer de J^nce (X. airo.r)^ a cause of 
confusion will he removed. For tliese reasons Lachesis alrox is 
called Fer de Lance throughout this reference. 

The Fer i\e Ijance is principal!}^ found on the banks of streams, 
and seems to prefer muddy ones, i'here used to be places on the 
Caparo iiiver where they were very common, and were frequently 
met. When tlie river was in flood they moved farther away from 
it, aii<l when it resumed its normal proportions the Fer de Lance 
returned to its banks. The snake is often to l)e found in such 
situations in small bushes five feet or so fix>m the ground. Unlike 
the Maficpire, the Fer de Lance is most ready to bite wlien 
molested, an<l it will genejiilly put up a light for life and lihei-ty. 
Perhaps it is for this reason that most of them do well in 
captiviiv, feeding, sloughing, and breeding without difficulty. 
In a measure they even become tame — that is to say, they soon 
know* the person wdio feeds them, and anticijmte liis approach witlv 
raiseil head and expect.aiit air. Tiie young ones quickly learn that 
a mouse or otlier dainty usually appiears through the sliding trap 
at the top of the cage, and if it is opened incautiously, they will 
come half-way through with open mouths and extended fangs. 
Other and harmless snakes do this also, and fit>m them I ha%'e 
sulfered many a bite. Thei'efore 1 am careful with the Fer de 
Lance, which, while not intending to 111111} me, in its eagerness to 
get the tit-bit might inflict a serious injury. But though so 
ready to bite, if one goes about it in the right way and avoids 
frightening the snake, or rousing its antagonism, it is easily 
capturetl. On one (xxjasion a Fer de Ltnce was found coiled uj) 
at Caparo. Mr. Albert Carr went home, a mile or so distant, and 
got a kerosene oil box and cover, lie iiailetl the lid to a stick 
six or seven feet long, and taking another stick of e<pial length, 
returned to the sleeping reptile. The box, opening upwanl, was 
placed as near the snake as possible, practically within a foot or 
tw’o. The end of the Jong stick was inserted gently Litweeii the 
coils, and then the reptile wiis quietly lifted and dropped gently 
into the box. To put the cover on afterw ards was easy, and five 
or six Paris points and a liammer secured the deadly reptile, wdiich 
was thus taken unhurt niul without danger. Mapepires have 
been secured in similar fashion. Anothei plan is to use a hag 
w’ith its mouth open like that of a butterfly net. This is ]>laceil 
open behind the snake and close to it, so thal if it hacks it does 
so into the bag. With a long stick the snake is gently touched. 
It lit once assumes an attitude of defiance, keeping its eyes fixed 
on the man with the stick. It gradually moves backward wu'tli 
that circling movement i>eculiar to the vipers when on the 
Prog. Zool. Soc. — 1924, No. XVJII. 18 
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defensive, and thus goes right into the open hag. "When far 
enough in, it is easy to close the bag with a stick, after which the 
mouth can be tied up, and the snake is a prisoner. All that 
is wanted to do this successfully is perfect coolness and a little 
patience. Hough usage, sudden movements, and teasing will work 
the Fer de Lance into a perfect fury. He will strike at his 
aggressors again and again, and each time he does so lie will 
spread wide his gaping jaws and extend liis formidable teeth. 
If he is in good condition and has not used his venom for some 
time, and the poison* fangs are full, lie will even send tiny jets of 
poison from his perforated teeth to a consiilerable distance. On 
one occasion, says Mr. Carr, the venom thus ejected struck the 
face of a woman who was watching the proceedings from a 
distance of twelve feet. 1 myself have seen one throw two fine 
jets a distance of at least six feet. I do not think that the snake 
intends to perform this feat, for the vipers at least know tlie 
value of their venom, and, as a rule, do not waste it. Xo possible 
end can be gained by spurting the death-dealing secretion at 
random. It is only potent when it is introduced into the vascular 
system, which only occurs because the action of extending the 
fangs into the stabbing position presses on the over-charged 
poison-sacs. At ordinary times the resistance ottered by the skin 
of the victim affords the pressure necessary to cause the ejection 
of the lethal fluid. Many snakes are credited with spitting, 
notably cobras, ringhals, and mambas, but tliese ophiflians, if I 
may judge by an Egyptian Clobra I once possessed, are of very 
different temperament and much more excitable ibi.a either of 
the vipers, Lac/iesis or Crotalna, Cobras, ringba ls, a ml mamlias 
aresilly goose-like animals, striking aimlessly without provocation, 
a practice to which the Viperidw are, so far as J know them, not 
at all given. Roosevelt, in ‘ African Came Trails,^ records an 
instance of venom-spitting snakes : — 

At this camp we killed five poisonous snakes — a light-coloured 
tree-snake, two puff adders, and two seven-foot cobras. One of 
the latter three times ‘ spat ' or eje^'ted its venom ]x)ison at us, the 
poison coming out from its fangs like white films or threads to a 
distance of several feet. A few years ago the singular power of 
this snake, and perhaps certain other African species, thus to 
eject the poison at the face of an assailant was denied by 
scientists, but it is now well known. Helous had already told me 
of an instance wdiich came under his own obsei-vation, and 
Tarleton had once been struck in the eyes and for a moment 
nearly blinded by the poison- He found that to wash the eyes 
with milk was of much relief.” Oh. viii., p. 193. 

My cobra only needed me to look at him, ami he was in 
a fighting attitude, and if I only winked my eye he struck at me 
when I was quite out of his reach. The poison would trickle 
down the glass front of his box. Fer de Ltince are not so 
wasteful, except wlien their poison-glands are overcharged. It is 
not often that they strike when the object is out of range. Cobras 
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lidve fixed fangs, and in the anatomy of the head are altogetlier 
different from the Viperidae, particularly Lachesis and Crotalus^ 
and, although exceedingly deadly, are not nearly so sagacious in 
tlie use of their terrible powers as are the pit-vipers. A very 
large Ferde Lance is six feet long. As a rule the adults run 
from four and a half to fiv'o feet. Mr. Urich saw one at Wood- 
lands, Oiiaico, which measured five feet one inch without the liead. 
its last feed had been a Manioou Gros Yeux 

Fer de Lance feed largely on wood-rats and mice. One that 1 
iiad for many months and which woidd not feed got very thin 
and weak. At last I tried him with frogs, and ho took to them 
kindly, catching tliem as they hopped past him, though once he 
went after one ami caught it swdiuming in the water. This .snake 
soon recovered health and strengtlj, and ultimately became a fine 
animal, feeding on whatever was offered to him. Jn nearly e\ery 
country whore snakes ar(? found there is a legend tliat they 
i’a.scinate tlieir }>rey, and that they take them when the}’ are in a 
dazed or hypnotic condition, which is ciiused by the peculiar 
powers of the snakc.s De A’citeuil tells one such story. The 
victim was a .s(|uirrel which was at first observed clinging to the 
hrancli of a treevvhilo it sci’oamed and .stiaiggled. Then it fell to 
the ground. The oh.sorver of this hit of vvihl-lifo tragedy vent to 
tlies[K)tand found the poor creature in the ja,ws of a xonomous 
snake. But this was the end of the story. The beginning i.s not 
recorded. Tlie S(juirrel w^as probably first struck at and Intteii 
when on the ground. It escaped to the trc‘e, hut before it liad 
got far, the poison had taken effect and paralysis had begun, lienoo 
the screams. When the victim fell, the waiting snake seized it. 
f^ommou nits and mice do not seem to he afmid of either 
poisonous or harmless snakes. Alanicou Gros AVux, and most- 
birds, are certainly afraid, hut they are by no moans fascinated 
and deju’ived of their ]>ow’er to escape — that is, not until tliey are 
bitten by the venomous spt‘cies. T'he only c.ase of snake fascina- 
tion of which ] know* is that of the European frog pursued by the 
non-venoinous ringed snake. 1'he frog seems t-o he in a toriihlo 
nightmare, and loses the power of making his enstomary wonderful 
succession of leaps w hich would soon carry him out of danger. 
Instead, lie crawls an if he had a tremendous weight to drag along. 
Animals introdnce<l into the Fer de Lance’s cago simply concern 
themselves with trying to get out. Except in the case of the 
Manicou, there is no hesitation about running over the snake, 
which, if not in a feeding mood, rats and mice will attack. 

The venom of the Fer de Ltuice is most potent. It acts rjuiclcly. 
Ilats are sometimes struck, and drop at once, and w ith either 
cramped or stret.ched-out limbs die in a secoml or two. At 
other times the interval before death is slightly longer. The 
bitten rodent runs about actively, then suddenly seeks a corner, 
rests quietly for a moment or so, then vigorously washes 
itself. Next, paralysis sets in, and ultimately it falls over. As 
a rule the Fer de Lance waits to the last moment and until 
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death has occuri'ed. He then moves towards the stricken aniixial^ 
which lie has becni watching closely. He examines the body all 
over witii dickering tongue; then seeks the head, and as soon 
as he ti}ids it, liegins swallowing at the snout. The venom of 
the Fer de Ijance is fatal to other snakes. For many years J had 
a huge South American Rjittlesnake which had been brought up 
from the time it was less than a foot long. He was a big, 
powerful animal and, like most rattlesnake's, c)f the sweetest 
anfl gentlest disposition it is possible to imagine. One day Mr. 
Wilfred Walker, the well-knowui traveller and author, arrived 
from the country witl» a large Fer de Lance. Jl(‘ wanted to 
house it until he could get a suitable ti:i\ (‘lIing>hox for it, as he 
W'iis s.'iiiing for ICngland tlin next day. i h;ul no S[)are box 
available, and 1 odered to put the Fer de I.<ance in the rattle- 
snake’s cage, and Mr. Walker assentetl. The rattlesnake had 
never se(‘n another .''iiake in his eage since ho liad become adult, 
and lu* got givatlN cNcited. Ho moved bovards tlie newconnu-, 
whieli was a ladv, wit.h Los head liohhing up ami down in the 
queer way wlneh so many reptiles exhibit wluai eonilship 
afoot. 1 WHS called away at the moment, and was gom ])eiha|>s 
an lionr and a half. Wlien J retunie^i, Rattles was dead, 'riio 
Fer de Lance had bitten him about the middle of tlie back and 
close to the spine. The puuetures were plain, and the ilesh for 
more than an inch round the wound had turned soft and pap}n . 
On Sept. 20, 1805, 1 placed a rather small Fer<le Dineo in a eage 
witii another of the same species hut a larger animal. The pair 
quai relied at once and bit each other several tiine^ about the 
head. Fliilf an hour later the smaller snake had a nincli swollen 
head, and a thin reddish-brown tliiid was drijipmg from the baek 
part of his upper jaw% lioth snakes were disinclined to move. 
On Hept. 2i the swelling on the small .snake dis,'ippeari‘d. The 
large snake was not swollen. The snmll one would not feed for 
some time, l>iit eventually his health and his appetite returned. 
On Sept. 30 the large snake was uneasy. At 2.45 i\M. she cast a 
young one — deftd. At 4,45 there \\ ms another with a defoiined 
head — also dead. At 5.15 a thiiNl — dead. On Octolier 1 thei t- 
were 23 young snakes, ami all dead hut one, which was vtuy mueh 
alive, self-possessed, and coiled up in a corner. All the young 
had yellow tails. Their length ranged from cm. to 27] cm. 
The majority w^ere 24 to 21) cm. Fiv^e were encased in trans- 
parent envelopes. All except tlie live one, which was 25 cm., 
liad umbilical cords attached. On October 3 another one wiis 
born — dead with maggots in it. On the 4t.h the livi‘ oiu' 
sw^allowed a tailless anoJe lizard. On the 5th it devoured a small 
frog. On October 14 another dead one was boin in an advanciMl 
state of decomp(xsition. The mother died the same night. On 
October 14 the young one shed its first skin. On October 28 it 
ate a vsmall anoh?. In January 181)6 this snake was very 
vigorous, and killed and ate Jiziirds as often as they were offered 
to it. < )n January 30 it struck a mouse twice, and it died within 
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a miuuto. Tliere the record ends. The snake live<l r* 
time, and grew and Hourisiied ex(*oe<Ung]y. From the foregoing 
it wouhl appear that tlie e(Teet of thesmallor Ker de IjMiice having 
bitten the largei* one was to kill nearly tlie \vhoh‘ of her Inood, 
and to work such jniscliief in her system that parturition could 
not ))e completely eflected, witn Ihe result tliat she died, being 
poison(»(l by the decomposing young twenty-hair days aft<‘r she 
was bitten. A pair of AncL^tnxhm- plsarorns whic>h I onci* had 
fretjuenl ly (piarrelled f<a* a p.articular s[)oti in their tank, 'riiev 
used to bdt‘ each r>t.her, and their heads swelhsl as a eonsf' joenis*, 
buttin' inflammation }»assed ofl‘ in a f(‘\N hours. My n()t(^s show 
that young I'er de Lance aie fre»pientiy hoin between Septiunber 
and January, iuclusiv<‘. 1>(‘sides the thirty in the ca>e just 
mentioned, J have seen families of twenty-nine (f hive horn dead) ; 
thirty-two (ele\en born one day and twent\-one two days laier, 
all vei y much ali\e); fifty-six (nineti'en dead and one ab-uted 
egg — two were prodneed eight, da.ys after the otJiers and ain)ther 
fourteen ilays later, all tliree being deatl), after which the mother 
died. 'I'he ^^es^l^s. C/air have a record of oh, but in that ('ase the 
mother lived. 

As was mentioned pre\iously. the Noung snakes have yellow' 
Liils, which tlu'V seem io keej» lor, at any late, two yeais d’iiis 
yedlow’ t,ail looks like a little eaterpillar or worm. The old .‘>nakes, 
when oKidted or angi'v, vibj.ite tlieii* tails at a gu^it rate, and the 
lapping against the herbagt^ makes a veiy fair imitation tlie 
llattlesiiaki^'s dread hut ])ro\ idential alaini. But the young ones 
<h> not use their Tails thus, 'thev twu^t and wriggle the \ollow^ 
little thing, and make it look like a worm, d’lu' little snake it^idf 
is very inconspicuous amongst <]rv loaves or on the haie giound, 
but the wi-iggding tail used in thi'' fa'^hion ,'n‘ts as a halt to .‘-mall 
<'reatm‘(‘s, which are thus binuight within i(*aeh of tlie snake’s 
deal h de.iling fangs, 'rwenty wars after making this observa- 
tion, while feeding some new’l\-hoi‘n Fer de Lanee with -onie 
tins frogs (/^roM/if'raj)lx triidfatis) c<Pinmon in the St. \iin's 
rivei*, I .saw' one of tin' snakes wiiggling its little velk.'W' tail. 
A little fri)g saw if, too, and crept stealthily forwaid. then 
leaped and seize<l the tail in h's mouth, and puli(‘d dett'rmnnally 
at.it. 1 have no douhttliat, hatl not llie owinm of tin* t. id been 
(Migaged at that, moment swallowing anoth(*r frog, he would 
have turned and caught the bt tie chap wdn> was ti ving to holt, 
his tnil. The Triiii<]ad w’oodsmou say that th<‘ mother Fei <le 
Lance crawls along in one ilirection as she deposits hei* _\i»ung 
ones, and that, wdien tlie last one is horn, she turns round and 
n^traces her journey, swallowing all the young ones she can find 
ni route. 

On one occasion Mr. Arthur Oarr bi’ouglit me a fine s[>ecinien 
of Fer de Lance wdiich he nctpiire<l in a. curious fashion. He saw 
great oxeitement in a village shop, and going to asemtain the 
cause, was astonished to see a man playing carelessly wit h a large 
Fer de Lance. He warned the professeii charmer of the danger 
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he ran. The man re]i)lie<l that he had a powerful L’Ornisou to 
protect him. IVIr. Oarr was an unbeliever, and going nearer, 
discovered the piayer or charm consisted of a black thread, with 
which the snake’s mouth Imd been neatly sown up. On one 
occasion, however, a man hrouglit me in Ids bare hands a small 
For de Lance which had its mouth ami fangs in good working 
order. The For de Lance is a great rat destroyer. 
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EXPLANATION OF THE PLATES. 

PlATE I. 

Tifticrales cpiwhrts. 

Cora {Iks cool ii. 

Pl.VTK 11. 

Trinidad Anucoiula. Length 10 ft. l> in. 

Jfoa constrictor. Length IJ ft. 

Plate 1L. 

Voiing l^oa killing an Aniei\a Li/iiid. 

Jioa diviuiloqaa, 

Plate IV. 

Spilofes pvftatus showing intlutmii of thc\neck. 
Ilerpotodryas cannot us, 

Pla'/e \, 

Jjeptophia Itoccrcrs. 

Ijiophis regime. 

Pl-i'ie VI. 

Ifgdrops triangularis. 

Beta / ogna th us n eh iiJat it s. 


Plate VI I. 
Fig. 1. Trgpanurgns compressus, 
„ 2. Tieptodira an mil a fa. 


1»late VI H. 

Fig. 1. Oxyrhopus cJtelia. 

„ 2. Oxyrhnpus cloelia allowing a Fer de Lanco. 

Plate IX. 

Fig. 1. O.rghelis acvmmafns. 

„ 2. Mlaps coral inus. 

Plate X. 

Fig. 1. iMchfsis and her eggn. 

„ 2. Lachesis atrox. 
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12. On the Presence of Broudlnlls (Enrylieinida’) in Africa. 
By PEncY U. liUWE, O.B.E., B.A., M.B. Cantab., 
F.Z.S. 


[IJmMved flunuan <1, m2i . l{ead Fchriiury It), 19*21.^ 
(1'ext-fi^MiroK !-;■).) 

In tho ‘Ibis’ for 1914, pp. 405-502, IMr. G. L. Bates, the 
well-known African collector and ornithologist, publislied a ])aper 
“ to indicate a few anatomical and other clmmcter.s of the 
African genus Shiil/iOt'nis, hitlierto placed among the Muscicapidse, 
which prove that it cannot belong to that family, or, indeed, tt> 
tlio normal Passeres at all.” 

On his r< ‘turn from West Africa at the beginning of 1025 he 
brought with him two specimens of iSmilhorois rufolutemlis iu 
the llesh, tug(‘ther with two tmihryos of A'. and placing 

them iu my hands desired me to determine the affinities of the 
genus. In the pajier cited above, Mr. Bates, beyond calling 
attention to the normal jiassorine form of the sternal spine, did 
not concern himself with the osteology of the species under notice, 
but lie did examine the syrinx, the deep plantar tendons, and 
other sujierticial jiarts of the bird’s anatomy, and although he 
iloes not express any opinion as to what Smithonus actually is, 
with the exc(‘ption of the statement (pioted above, it is perfectly 
clear that wdiat he had in his miml was that it Ixdonged to the 
family FAUrvhciiiidie or Broadhills. 

My investigations, tinn'efore, are only confirmatory of wdiat 
Mr. Bates had previously suspected, )>ut they do, I think, 
undouhte<lly indicate heyoml loom for <louht, that the African 
JS^inithonns is none otlier than a Eurvlrpinid. As the presence of 
Broadhills had never, previously to !Mr. Bates's paper, been 
suspected iu the African (kmtinent, tlieii* former known area of 
distribution being confined to India, the Malay Archipelago, and 
the Philippines, the result of my investigations w^ould appear to 
be sufficiently interesting to w%arrant these notes. They are, 
imleed, a remarkable confirmation of the oft-quoted statement 
“ .Ex Africa setnper aliquid novi"* 

Pteuylosis. — Not counting the remicle, which is large, there 
are ten primaries and eight secondaries, and this is confirmed by 
an examination of tlie embryo. The wung is eutaxic or quinto- 
cubitfd. The rectrices number twelve ; the oil-gland is nude, 
and I can detect no sign wdiatever of an aftershaft, not even with 
the aiil of a microscope. As already noticed by Bates, the 
outermost upper major covert is conspicuously longer than the 
rest. 
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Pteriila capitis (text-fig. 1). — Perhaps the most conspicuous 
feature here is the very strongly developtul row of long rictal 
bristles extending from the gape almost to the middle line. 
In addition there are some loral bristles and a little tuft of 
white and rather stiff loral featlmi-s, somewhat similar to, or 
reminiscent of, those seen in Sarcophanops (a Euryh'emid). 


Text-figure 1. 



Pterylosis of SmitJwrnis: (a) ilorsal viowj {?>) ventral \ie\v. 
For explanation of lettt'rinjr, see text . 


As will be noted from the figure, the Pteryla capitis proper 
covers in the adult the whole of the upper region of the skull, 
the tract being evenly distributed (and consisting of somewhat 
feebly developed feathers) with the exception of two crescentic 
apteria laterally situated to the inner side of the upper eyelids. 
In the embryo the aiTangement is somewhat different (cf, wood- 
cut). 
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Pt, colli dorsalta, — This is remarkable from the fact that it 
does liot exist, there being no trace of even degeiieiute feathers 
to be observed. This condition also obtains in the embryo 
(cf. text-fig, 2). 

Ft. spinalis. — Tins tract is strong and consists of well -developed 
feathers. Commencing abruptly at about the level of the 
acromion it extends as a narrow tract between tlie scapula?, and 
gradually expands to its greatest width some little way anterad of 
a line drawn through the heads of the femurs. From this point 
a sharp angle is made, caused by the tract narrowing again in its 
course to tlie actual level of tlie femoral heads, and a little 
postered of this, where it expands once more ])efore finally 
reaching the oil-gland. In the adult there ajipears to be no bint 
of an apt.erion in the mid-dorsal lozenge-sliaped area {cf. text- 
fig. 1), but in an embryo {Smithornis sharpei) there is a distinct 


'Fext- figure 2. 


} 





Ktnhiyo Smithornis sharpei. Dorsal ffatber-tract, eiilaifrod. 

indication of one {cf. text-fig. 2). Over the lozenge-shaped area 
of the feather -ti^act under notice the featlieis are long, well 
developed, and have conspicuous wbit(‘ bases. These feathers 
with white bases also extend some little way up into the mid- 
scapular region. They are present in all the species of Smithornis 
throughout Africa, and are use<l as recoguition-marks {cj. Hates’s 
paper!. The white bases are not visible when the bird is at rest, 
but are capable of lieing expose<l at wull by the contniction of the 
muscle dorsalis of Hhufeldt) whicli underlies the Fteryal 

dorsalis. I exposed this muscle, and found it to be w'ell developed. 
It is of remarkable interest that in the Oriental Eurylfemid 
genera (Eurylcem^is^ Sarcopkanops. Cymhirhynchtts, and Corydon)^ 
there are found in the same situation similar feathers having 
conspicuous white bases. I say remarkable, because here in 
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these widely separated Africa and Oriental genera colour-pattern 
proves itself, as I have elsewhere endeavoured to show in other 
groups, capable of indicating phylogenetic aliinities Avhich are 
subsequently borne out by deeper-seated structures. From what 
we now know of the anatomy of JSniUho7niis, it is impossible to 
believe that this little piece of colour-pattern owes its origin in 
these ditierent Continental genera to the etlectsof iulaptationand 
selection, acting in a })recisely similar way in two Midi wiilely 
separated areas of distrihution. On the contra ly, it seems evident 
that colour-pattern in this, as in so many other examples which 
could be quoted, has a deep-seated origin, pointing to similar 
chromosomal factors and phylogenetic aflinities. 

Ft. humeralis. — In the specimen from which theacconijianying 
figure was drawn, a female, this tract is feebly dexelofied, the 
forward portion being unrepresenteil ; judging, however, from 
another example, it w’oiild appear to be doubtful if this variation 
is constant. 

Ft. feitwralis. — This again is feebly devel(>ped, only the ant^'rad 
portion being present,; but neither in this tract iioi- in the 
humeral represented in the figure does t,he doticiency apj»ear to 
be due to “slipping” and loss of feathers. 

As regaids the renPral ptert/la l)1itth^need he said, 

beyond calling attention to au unusual tract along the edge of the 
anterior axillary fold. In the specimen examined it, was clearly 
obvious, although not very strong. I liave never noted it l>efore. 

Rhamphotiieca. — The hill and the form and position of the 
nostrils in JSfnithoi^nis are so similar to thos(‘ which obtain in 
Eurylcemus that further words seem unnecessaiy. 

PoDOTHECA. — The acrotarsium is covered with tr.iusverse 
.scutes ; but the planta differ from normal Passei ines as regards 
their epidermal covering in that instead of scutes vve find eitlier 
smooth rougldy hexagonal scales (planta) or more specialised, 
villous or papillomatous modifications of the scales ( under surface 
of toes). It is to be remarked that this is a Euryhemid disposi- 
tion and character. The syndactylism cliaracteristic of the toes 
is identical wuth that obtaining in the Eiirykemids, 

Myology. — Under this heading I propose to consider only such 
points as bear on the affinities of the form under consideration. 

(1) The Deep Flantar Temlom. — My dissections confirm Mr. 
Bateses discovery of a vinculum running from the tendon of the 
flexor halliicis to join that of the flexor communis. In both 
specimens wdiich I dissected the vinculum was apparent. It 
will be remembered that in all the Passeres, w ith the exception 
of the Euryltemiche, the flexor hfdluds is independent of the 
flexor communis. The fact that a vinculum is present in 
Smithornisj as well as in the Eurylfemidce, is a point the impor- 
tance of which does not need to be pressed. It may be 
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remembered tnnt CJarml^" in 1877 found a vinculum present in 
three genera of Eurybemids, and that subsequently Forbes t, as 
the result of tlieir joiiit work on the group, placed the Euryla 3 mids 
in a Passerine division — the Dcrmodactyli -which stands apart 
from the rest. 

(2) J)eUoi(ieus 'inajor , — L find on dissection that the brevis 
portion of tliis muscle in SuntJwniis is conlined both in its origin 
and inscation to the up[)er part of the humei us. Its lower limit, 
which is entirely Hesliy, does not reach a level as far down as the 
middle of tlie hone. It is, in a word, completely fleshy throughout 
and separated from the longus portion. Tliis latter portion ot 
tlie musch* has its usual source of origin from the acromion, 
clavicle, and os scapulareof the liumerus, and is inserted by means 
of a moilerately long and somewliat fiat or ribbon-shaped tendon 
at tlie base of the ectepicondylar proces.s of the humerus. Pvcraft t 
has described and tigure<l tins interesting muscle in Kuryheimuy 
ocltronelas, and the similarity between his tigiire and my dissec- 
tion in Smiihonus is very striking. Chalmers .Mitchell jf, writing 
of this muscle in tlm Ciaiiform birds, says: — ^Mlie J), inojor is a 
progressive muscle in most groups of birds, its insertion giadually 
creeping down the humerus, a relatively long extension being 
upocentric, a relatively short archicentrie.” Since ten<lons are 
generally liehl to he metamorphosed portions of muscle, 1 shouhl 
he inclined to agree with J^ycraft (/. r. p. 75) when he says, in 
criticism of this statement, “it would seem, rather, ns if the 
archi(‘eiitric condition W(‘re represent'd by the maximum down* 
ward extension ami that apoeentricity is represented by the 
g!*adual rerluction ot muscular tissue.” Jn hotii Smithorin'n and 
Euryltvtinis the condition obtaining in the muscle can, at any 
rate, he said to be specialised, so specialised, indeed, that tlie 
hre^’is poition has become potentially a distinct muscle. 

(3) paid (j'n hn vis, - In th»» Proceedings of the Zoological 
Society for 187(i, p. 508 et serj,, thirrod desciihed and ligured 
tlm passerine and non-passerine methoils of attachment of this 
patagial muscle. From my dissection of Smlf/ioi'ius it would 
ap]>ear tliat the attsichment of this tendon is not (piite typical 
of either. At first sight it would seem as if the mode of attach- 
ment was typical of (h\i ro<Vs Picaria>, in which group lie included 
the l^iei Rhampliastidje and Capitonidje (cf. Ph xlviii, fig. E 
P. Z. 8. 1876), that is to say, after engaging at right angles with 
the belly of the Eximsor mHacarpi radialis hm(jio)\ the patagial 
tendon runs along the fibrous attachment of the extensor, ami in 
doing so is so closely and accnmtely suj>erinipose<l upon it that the 
impression gained is that the patagial tendon lias merged entirely 
with the fibrous attJichment of tlie extensor. Jn point of fact, 
this is not so, for with careful manipulation it can he demonstrated 
that the patagial temlon has a separate existence. Nevertheless, 

* P. Z. 8. 1877. i>, ii7. t P. 5^. 8. p. 390. 

t l\ Z. S. 1905, pp. 53-65. § P. Z. S. 1901, \ ol. ii. p. «29. 
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it is nttached to the same point as that from whicli the extensor 
fibres arise, so tlmt it cannot be sniil that tlie ])icture is a 
wholly normal passerine oue^; wiiile it might be maintained 
that the arranginent inelioates a transition between some 
Picarian method and the normal passerine om*. 

Syrinx. — As regards the structure and conlignration of the 
syrinx in the similarity to that of is so 

close (c/’ figure P. Z. S. 1880, p. H84, after Porbes), that a detailed 
descrij)tion a])pears to be unnecessary. T can find, liowever, no 
trace of any intrinsic muscles. Johannes Muller, as fai' hack as 
1846, in a memoii* on the vocal organs of l\asseres nanarked that 
in Corydon rh mfiti'anati there were no muscular filii-es on the 
laryTJx.’' Forhes (/. c. p. J86) says that in (\findnrhynchvR the 
single intrinsic muscle is lany slendei . Pates found them v(‘ry 
feebly develo])ed in Smithorn in shar]H>i ^ “ so thiu as to ])e made out. 
with dilficulty,” and, again, he write.N, “ of nuKst r)f the specimens 
exa,mine<l I m’hs content to say that no musedes could 1)<‘ ma<le out 
attached to the louer end of the trachea or the hronclii.*’ It is 
interesting to note also tlmt he says : “ It \\as the |)(*(oiliar noise 
made by the l>ii ds belonging to the genus SunthorniR^ .and tlieir 
apjiarent inability to utter any kind of song such as most or all 
Flycat(‘}iers sometimes utter, even though usually silent, that led 
me fiist to look at the lower end of the trachea ami the organ of 
voice. It was seen at once tliat the syi inx was l»are or nearly 
Imre of muscles lower down than the |>oiut where the sterno- 
tracheal muscles leave the trachea.” 

OSTEOLOOY. 

Under this heading it is not my intention to enter into a, long 
and minutely detailo<l descTijdiou of the skeh'ton of SmitlntrinRs 
but X’ather to make my account as comparative as possible ,uid, as 
far as possible, to seize upon only the most impertaiit and striking 
characters. Such a procedure will, it is hoped, enalile the i'(‘adei* 
to grasp far more nmdily the remarkable lesem blames, one 
could jiractically siy identity, which the ost^ological eliaraeters 
of SmithorniR bear to those of tlie Eurylaanids. J^y craft t, in as 
far ms the material at bis disposition allowed, lias already fully 
dealt with these, and this piece of good work renders my task all 
tlie more simple and expe<litious. 

The Skull, 

Although there is a considerable amount of sf>eciaJi.sati<)ii in 
the various Eurylicmid genera (judging from the scanty amount 
of material available in the National Collection), the general 
conformation of a Enrylamid skull is striking enough to make its 

• For aiiormal paswn-iuc arraugemeut, cf. also Shufeldt,* Myology of the Raven,* 
p. 114, fig. 36. 
t P.2.S. 1906, pp. 30-66. 
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recognition somewliat difficult to miss, in a proliminary super- 
ficial survey, perhaps one of the most striking features to be 
noted is the remarkable iiiisal lunge and the peculiar disposition 
of the nasal bones, ^mitlwrnis exhibits these points to perfection. 
In the disposition of the nasal bones it is, perhaps, more like 
Oali/pioniena than any of the other skulls available, but the 
i-eductiou of the nasjils is, in fact, si» typical of the EuryUenuds as 
to be obviously coinpurable with any form 1 have seen, esf)ocially 
Cyrnhirhipichns \ indeed, it is with this genus that the skull of 
SnfitIiorni\ must be C()m[)are4l in general and in particular; for 
its resemblances iu both respects tu'e little siiorf of amazing. At 
first sight an inspe<*tii)U of that dorsal portion of the skidl iu 
(•ynihirhiiifchMS anterad of the nasil Iiinge, is apt to distract our 
attention from the morphological similarity between the two 
forms; but this is simply an eflect of the specialised ossitii*ation 
uliii'h has occurred round the na.sal oriticcs, as well as down 
nearly the entire length of the nasal and dentary processes of 
tlie premaxilhe. Jfad this cavernous bony development taken 
place to the same extent in Smlthnrvis it would have betm, so far 
at lea'll as tlie skull is concerned, not an easy ta.sk to have found 
characters to have sejiaratiMi tlie two forms generically. And 
liere we may pause to make what seeiirs to be ratlior an important 
plant in regard to the general conformation of tlie bony structure 
of the premaxilla in the Eurvlicmi<ls. Pycraft (/. c. p. 35) writes 
as if a hooked tip to this was uniformly characteristic of this 
group. It may be true of f^tlf/ptomeua and Cort/don^ in which 
there is a strongly marked hook ami a iironounced decurvature 
of the bill; but m l»otli CijinhirhifncJms and iSmiili<trnis \\\Q pre- 
niaxilla is very con.spicnously flatter both from sivle to side and 
from end to end, wliile a book may 1)6 sfiid not to exist. The 
difference is so striking that it seems to suggest that it may be 
correlated with otlier dillerenceh pointing to the presence of two 
groups within the family. Uomiiig to tliat portion of the dorsal 
aspect of th^. skull posterad ef the nasal hinge, it may bo safe to 
state that, is not only typically Euryhrmine but its 

resfinblance to Vymbirhyuchus is remarkable, especially as regards 
the pro])ortion.s of the cm-ebi'ul dome and its relations to the 
cen*bellnm. The interorbitJil region is not, however, so grooved, 
ami the comlition noted is more like Corvdon, In this region in 
all the Eurylieiiud skulls 1 have examined there is a somewhat- 
remarkable foveated appearance of the bone, and this rather 
singular condition is faithfidly reflect e<l in Ti-iliing 

as this cliaracter miglit seem to bo, it is. as a genetic factor, most 
convincing. 

As reganJs tlie base of the skull, a comparative study of sucli 
iniporUiut structures as the palatines, vomer, pterygoids, the 
basitemporal plate, occipitals, exoccipitals, tympHiiic cavity, 
maxillary bar, the nasal cartilages, the dentarv, palatine, and 
nasiil portions of the coinbimxi pramaxillaries reveals the sur- 
prising fact that there is a closer likeuejss between Snnihornis and 
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Cymhirhynchus than between Calypiomma and Corydon. The 
likeness between the two former genera is indeed so close as to be 
very remarkable indeed, especially when we consiiler that they 
are denizens of such widely separated regions. A reference to 
the accompanying figures ought, I think, to be enough to con- 
vince the most sceptical that such a similarity ))et\veen so many 
important structures cannot for one moment l)e considered as due 
to convergence. It is to be noted, however, that the maxillo- 
palatines differ. In Smithoruis they commence by passing directly 


Text-figure 3. 

(«) 



Dorsal view of skulls of: — (<i) Ctfmhirhynchns. (ft) Smithnrnig. 
c.b.d., ca\eniou8 bony development. maxillo-palatine processt's. 

nas,f nasals. 


inwards, then, after describing an abrupt angle, they pnss inwards 
and backwards as extremely fine spicules, expanding somewhat 
towards their termination, as in Corydoa, and finally being 
attached by the usual ligamentous bond to the in ter palatines. 
Thus, although typically Eurylaemid, they are not like the condi- 
tion to be noted in Cymbirhjpichm {cf, text-fig. 4). In the union 
of the posterior style-Iike processes of the vomer with the ethmo- 
palatines, there is also, in idmithorniSy a slight morphological 
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diversity as compared with what is seen in Cymhirhynch/us^vfh&te 
we have a somewhat conspicuous osseous wing ; but this is an 
unimportant detail. Judging from a specimen in tlie British 
Museum, I am of the opinion that in Cymhirhynchus the palate 
is completely jegithognathous. Unfortunately, in the specimen 
of Smithornis the ali-nasal and, indeed, all the nasal cartilages 
had disappeared, so that it was impossible to form any idea as to 
the method of attachment of the vomerine cornua with the 
nasals. It is to be noted, however, that transpalatine procasses 


Text-figure 4, 

( c ) ('0 



Ventral view of skulls of : — (<?) Ct/mbirhj/nchuit. •<?) Smithornis. 
inturnoil ali-iias»l. niaKiUo>])alatine process, d.px.t dt'ntary process 

of premaxilla, trs.pal.^ trunKpalatine. pt., pterj^goid. re.c., recurrent. 
#r., trabeculum, pr.pa.^ prepalatiiie bars, w., vomer, i.pa.^ interpalatine 
spurs or processes, sph.r.y sphenoidal rostrum, quad,^ quadrate. 

are present on the palatine plates, and this is said to be a sure 
correlate with complete a^githognathism. What I take to be 
septo-maxillaries may be noted {cf. text-fig. 4) still attach e<l to 
the vomerine cornua in Smithornis^ and these doubtless joined up 
with the ali-nasal cartilages, as is to be noted in the vomer of 
Cymhirhynchua {cf, text-fig. 4). 
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As regards other points in the Smithornis skull which should 
be noted ; — The lachrymals, as in Cymhirhyiichua and all other 
Euryls&mid genei'a except Calypiomiena^ are absent : the ant- 
orbital plates are obviously Eurylieinid, and, indeed, when one 
takes a glance at this forward part of the orbit and observes 
these plates, the inesethmoid, the transpalatines, and the post- 
palatines with their pterygoidal attachments, the resemblance 
between Smithornia and Cymhirhynchus is very striking indeed : 
so is the almost complete absence of the post-orbital process and 
the strong development of the squamosal process and the extent 
of the temporal fossa. 

As regards the quadrate, Pycraft c. p. 30) has called attention 
to the fact that in the Eurylaimids, in common with the Tyran- 
nidff' and some other Passerine forms, this hono sends out a 
strong spur for the articulation of the tpiadra to- jugal bar. He 
says tliis spur projects like a buttress latenid of the outer condyle 
for the lower jaw. Tliese conditions are fiillilletl in Smithornis, 


Text- figure rj. 



whose whole quadrate is an exact replica of that of Cjf^nhirhyn- 
chiis. Nothing could be more convincing than the morphology 
of this bone in Smithornis, and to it one might feel safe in 
trusting for a sure Eurylwmid verdict. 

Enough, therefore, has been already said in regard to the 
osteology of this interesting form to pi ox e beyond a doubt that 
Smithornis is a Eurylaomid. Nevertheless, there are one or two 
points ill regard to the rest of the skeletal structure to which 
attention njust be drawn, 

A good deal of stress, for instance, has been laid upon the 
simple condition of the spina externa of the sternum {cf. Gadow * 
and Bclaterf) as being characteristic of the EurylsDniids, In 
Galyptomena and Corydon it is certainly remaikable for its 
iinforked appearance, but in Cymhirhynchus there is a distinct 
tendency to forking. The tendency is there, in more than a 
latent condition, and in Smithornis it is manifest in its full 

• Brown’s Thier-Keicli, System. Theil, Bd. vi. Vogel, 
t ‘ Ibis,’ im, p. 177. 
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Passerine perfection. The hypocleideum, however, is large, as in 
the Eurylflemids generally, and aniiHtomoses with the anterior 
edge of the carina. 

The Coracoid . — In rt'gard to this hone I can see nothing that 
does not fit the Euryljeniid picture, wliile as regards the way in 
which the sciipula, furculiun, an<l acromion unite to form the 
foramen trioaseum, the details to he noted in Ccdyptomena (figured 
by Pycraft) are faithfully reproduced. 

1 have carefully gone over the rest of the skeletal structure, 
and much ink might he spilt in describing it if one desired to dot 
the i\s of what lias been indicated aljove. There is one other 
point, however, uhich may he noted. Pates, in describing the 
hyoi<l of Sniithornia, drew attention to the shape of the urohyal. 
Ho has found that in all the normal 1‘asserines uhich it has been 
liis custom to examine, this little bone is very flat with a thin 
border of cartilage at the c<lgeR and tip. but that in Smithornisit 
is rod-shaj)t‘d. J can confirm this observation. As compared 
with the urohyal of a misscl-thiush 1 find the difierence is very 
obvious. 

I find, too, that as regards the hinder limb the main artery is 
the sciatic*. 

Taken in conjunction with the almost absolute similarity which 
exists, in Smiihorniit and Cyrnhirhyuchas, between the way in 
which the pterygoids fuse with the post-palatine processes and 
ride upon the basi-splumoidal rostrum ; between the strikingly 
faithful way in which the form and relative position of the 
palatines, w ith their pro-palatal bars, ethmoidal plates, and tians- 
pnlatines, are reproduced ; and the wondei ful likeness as between 
tbe two vomers, the maxillary bars, the dentarv and palatine 
])roccsscs of tlie prcinaxilla*, and the foiin and relative position, 
as regards, other structures, of the ant orbital jilates, 1 am incliiie<l 
to think that one seldom sees in compaiativc osteology anything 
more im})re.s.sive. J say imjiressive, because when one pauses to 
ndlect upon the vast interval in space and time which separates, 
at the present day, any two living examples of these African and 
Oriental Hroadbills and considers, as one traces them hack in 
imagination through millions of years and through countless 
generations to their common ancestor and common place of 
origin, that tliese amazing morpliologicnl similarities liavo been 
continuously and continuously reproduced with such a wondei ful 
exactitude, not only is one lost in amazement but 1 am personally 
free to confess that the idea that such similarities of structuie 
could have been acquired by any cause that was not, so to speak, 
germinally conceived and inevitable from the start seems equally 
amazing. If, for instance, we concentrate our attention upon the 
prepalatal bars, tianspalatine ami post-palatine processes of the 
African Sniiihornis and the Oriental Cymhirhijnchvs (cf. fig. 4), 
or upon such structures as their quadiates, it seems utterly 
itnpossihle to believe that selection, functit^n, or any other external 
Proc. Zool. 8oc.— 1924, No. XIX. 19 



290 


MR. r. R. LOWE ON THE 


01 * chance factor outside the chroniosoiual inechniiism, could have 
played anything but a minor pai*t in the origin and preservation 
of such similarities. Such factors may make tliemselves felt in 
tiie way of a survival value or in various minor or indirect ways, 
but the inoment we imagine it possible that they go much beyond 
this it seems inevitable that, instead of being able to resolve the 
zoological world into at least some semblance of oi'dei*, we should 
have been confronted witli chaos. 

Finally, I would like to draw attention to tlie remarkable and 
monotypic genus Psmdocalypiomena for having, as I }»elieve, 
brought forward evidence to prove the presence of Broad hills on 
the African Continent, the question naturally arises, are there 
any genera other than Smithomis represen tcnl. 

In the ‘ Jbis^ for 1909, p. (590, Loi-d ]b)thscliild described and 
iigured, from a unhjuo example collected lifty miles west of 
Russisi, north of Lake Tangjnivika, a ^ely peculiar bird for 
which he created a new genn.s, J^sevdoctiffipiomevd^ as being very 
like a Calyptomena in a}>|ienrance, on account of Ihe shape and 
form of the hill, short tail, and its greiui and blue coloiu*, a 
combination of colours uhicli, as Lor<i Rothschibl remarked, is 
quite unique among African Passeres. 

]s this new Central African form (P. ijrai(eri) actually a 
Broadbill and not merely reminiscent of one i When J.,ord 
Rothschild described this species, from the nuicjue example 
collected by Grauer in a hamhoo forest at an elevation of (iOOO 
feet, the presence of Broadbills had not even l)e(‘n suspected in 
Africa, and the last thing he would have thought iu those days 
was that his rare and highly inleresting find might very jiossibly 
be a Broadbill. 
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13. Report on the Deatlis which occurred in tlie Society’s 
Gardens durirj^ 1923. By N. S. Lucas, M.B., F.Z.S., 
Pathologist to the Society. 

fReceixed January 22, 1924 : Read February 5, 1924.] 

On Jammry 1st, 1923, there were living in the Gardens 758 
maminals, 181)5 birds, and 1)G4 reptiles. 

During the year 48.3 inaninuils, 1168 birds, and 866 reptiles 
were added. 

The tohil of juninals which have been in the Gardens during 
the year is : - - 


Vear. 

iVf animals. 

HirdK. 

Jteptilcs, etc. 

192.3 

1241 

3028 

1030 

1922 

11 r>r> 

2904 

1093 

1921 

1)72 

2542 

1143 

HI20 

i»):{») 

2471 

1104 


The total of deaths for 192.3 is 1295. 

The tai)le below shows separately the deaths of iiiainuials, 
l)inls, and reptiles, the percentitge of deaths to the animals 
whicli have be(*n in the Gardens during the year, and in the 
case of mammals the percentage of deaths of those w'hich have 
di(al after living there for 6 months, when they are considered 
acclimatized. 


Perocntflge of deaths ot Percentage 


Veai. 

Total 

Maminahaii 

Total 
Ax lan 

'rotal 

Reptilian 

population. 


Total deaths of deaths of 
accl 1 ma t i 7.ed acc i i ni at i zeu 


dcnthn. 

deaths. 

deatliH. 

r 

Mammals. 

^ Mammals. 
Birds. Reptilis. 

of 

population. 

1923 

,325 

(Ul 

329 

201 

211 

31-9 

107 

13-4 

1922 

320 

o8c 

237 

27*7 

20*0 

21*0 

167 

U-4 

1921 

208 

619 

281 

21*4 

20-4 

21-5 

98 

lO'O 

1920 

333 

190 

202 

32T 

19-8 

20T 

107 

101 


It may not be out of place to recall that 1921 was the year 
in which the summer and autumn were remarkably fine and 
hot, and to point out that the mammalian deaths were fewer 
in number both among the newly imported and the acclima- 
tized. The weather, on the other liand, bail no apparent effect 
on the birds. ^ 
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TahU of Ctmses of Death, 


C^iuse. 

Mammals. 

Birds. 

Reptiles, 

etc. 

Numbers 
referring to 
Notes. 

Pulmonary disease. 





Bronchitis ... 

11 

8 

6 

1 

Congestion of lungs 

40 

74 

26 


Pneumonia 

2B 

38 

10 


Gangrene of lung 

3 

0 

1 


Abscess of lung 

3 

0 

1 


CKdema of lung 

0 

2 

3 


Pleurisy 

3 

0 

0 

2 

Empyojma 


0 

0 

Cardio-vaseular disease. 

Chronic heart disease 

1 

0 

0 


Pericarditis 

1 

1 

0 


Disease of Alimentary Tract. 
Stomatitis 

(. 

0 

7 


Gastritis ... . 

1 

0 

1 


Gastro>enteritis 

10 

2 

25 

3 

Enteritis , . 

30 

103 

20 


Ulcer of rumen 

3 

0 

0 

1 

Gastric ulcer 

0 

1 

1 


Over-distention of stomach .. 

0 

1 

1 


Constipation 

2 

2 

1 


Intus-susception . 

1 

0 


4 1 

Intestinal obstruction 

1 

0 

0 


Pancreatic disease. 





Pancreatitis 

3 

0 

0 

6 

Henatic disease. 





Fatty degeneration of liver . . 

0 

1 

! 1 

6 

Cirrhosis of liver 

1 

0 

0 

Necrosis of liver 

0 

1 

' 1 


Jaundice 

1 

0 

! 

i 

Diseases of Urogenital System. 


12 

0 

i 

1 

Nephritis 

7 

1 

Salpingitis 

0 

0 

2 

1 

Egg-binding 

0 

0 

0 


Obstructed labour 

1 

0 

0 

7 

Diseases of JS’ervous System. 
Paralysis of unknown origin 

1 

0 

I 


Hemiplegia „ „ 

1 

0 

0 

8 

Middle ear disease 

0 

1 

1 

0 

Acute Infections. 

Tuberculosis 

27 

37 1 

1 

9 

? Tuberculosis 

1 

0 

0 


Mycosis 

0 

21 

0 


? Mycosis 

0 

1 

0 


Septicaemia 

16 

12 

7 


Pyaemia 

Helminthiasis 

6 i 

11 

1 

4 

6 

5 


Caries of skull 

0 ' 

1 

0 


Malignant disease. 

1 

1 


0 

10 

Sarcoma of liver 

0% 1 

1 
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Table of Causes of Death (cont.). 


Cause. 

Maniiiuib. 

Birds. 

Reptiles, 

etc. 

Numbers 
referring to 
Notes. 

JlhceUaneous Cauaea. 

Inanition 

7 

14 

5 


lliokots 

i) 

0 

0 


StMiihty 

0 

0 

0 


New importation 

0 

55 

0 

11 

(Wboii monoxide poisoninj? 

1 

0 

0 

12 

Under anu'^tlietic 

0 

1 

i 0 


Fibroma oi mavillary antnim 

1 

0 

1 

13 

j Dermatitih 

0 

0 

1 2 


1 Anaemia 

2 

0 



j Killed . .. 

28 

83 

1 17 


j body destroyed ... 

4 ' 

19 

' 0 


j 1 lecoin post'd 

25 

37 

1 92 


1 Not examined .. 

22 

3 

' 17 


Not dinffiiosed 

10 

12 

; 27 



IMie ])rooe<lint; fc'ililo of causes of deatii is not nmrkodly different 
as re;,uirds conipijsitiou to those of the previous years, Tiie 
nmubers in coliiiun 4 ivf(*r to the explanatory notes below. 

1. The number of deaths anion" the mammals due to bronchitis, 
congestion of t he lungs, ami pneumonia, viz, 89, is smaller 
this year than any of the previous four years except 1921. 
The figures arc : — 


1920 

113 or 

31 percent. 

ot total rnaminaliim deaths. 

1921 

55 ,, 

2« 

„ 

it it 

1922 . 

. . 109 „ 

33-8 

„ 


1923 . 

89 „ 

27*3 

it 

'> >1 


In the course of investigation of these figures it was noticed 
that there was a seasonal incidence of deaths from these 
causes. The seasons were M.ay and November. 

An attempt is now being made to correlate the weather and 
this plienoinenon. 

2. One case of this occurred in a sea lion. From the empjamia 

a virulent streptococcus was isolated. 

3 . The mammalian deaths from gastritis, gastro- enteritis, and 

enteritis have diniinisbeil considerably. The tabic bclov' 
shows the diminution very clearly. Of the 16 cases of 
gastro-enteritis, 8 occurred in a short space of time in an 
epidemic in the Small CaW House. The epidemic was 
unfortunately not tracked to it.s source. 

4 . This occurred in a sipiirrel monkey. 

5t Two of these (K’curred in green cercopitheques and oiu' in a 
potto. 

6. The case of cirrhosis of the liver was that of a vulpine 

])halanger. 

7 . This occurred in a Grecian ibex. 
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Table ehotvitig Percentage of Deaths from Enteritis in Mammals in relation 
to total Mammals in the Gardens and total Deaths occurring amon^ 
them. 


Year. 

Deaths 

from 

Enteritis. 

Total 
Mammals 
in Gardens. 

Total 

Mammalian 

Deaths. 

Percentage 
Ool. I. of 
Gol. II. 

Percentage 
Col. I. of 
Col. III. 

1920 ... 

38 

1036 

333 

3-0 

11*4 

1921 

55 

972 

208 

6*0 

20*4 

1922 ... 

09 

1155 

320 

69 

21*5 

1923 ... 

47 

1241 

325 

3-7 

14*4 ' 


8 . The case of middle ear disease' ocriirred in a cream-coloured 

courser. The bird was kilh'd, as it could nob control its 
movements, going i-oimd and round in small circles. The 
right tympiiuiin was found to 1)0 com})leloly destroyed 
and the whole region was inllamcd. 

9. There is an increase of tuberculosis both among niammals 

an<l birds. 

The mammalian list is swelled b^Mhe inclusion of nine rhesus 
macaques who came with the disease and in whom it was 
suspected on arrival. They were isolated, and wlien one 
had <liedanJ the diagnosis coniirmod, they woie destroyed. 
There was also a case in a kangaroo rat. 1" is doubtful 
whether tuberculosis in a. marsupial has been recorded 
previously. 

Of the 37 cases of avian tubercle, .30 caM*h came from the 
Western Aviary, mostly among tlie doves, pigeons, 
partridge, and quail. 

The reptilian case was that of a toguexin. 

10. In a guinea fowl. 

11. A hundred Gouldian finches were deposited by a dealer, to 

see wlietlier direct establislunont in an Jiviary were an 
improvement on life in cages. 

12. A flue got blocked in the apes’ houscN, and one gibbon — a 

weakly specimen — wa.s gassed by the fumes. Four cliim- 
panzees and one orang recovered. Two small chimpanzees 
were unconscious for at least 5 days. 

13 . This occurred in a goat. It was bilatoivil, and affected 

mastication by displacement of tlio teeth in the upper 
jaw. The animal was killed. 
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14. The Larval Development of some British Prawns 
(^Pahvmonidob), — I. Pahcniouetes varians* By lloBEKT 
Gurney, M.A., F.Z„S. 

[Received December 29, 1923 : Read Marcii 4, 1924.] 
(Text-figures 1-11.) 

The first mention of the larvae of I\ rarians was made by 
Du Cane, who, in 1839, followed the development and gave some 
remarkably good drawings of the larvae in different stages. 
Du Cane observed the transformation of stages 1 to 3, and con- 
cluded that there wore foui* stages in all between hatching and 
jissuming the adult shape. He stated also that he Avas able to 
observe the hatching of the eggs in pure fresh water and to 
keep the larvjc alive therein for 5 days. 

The only complete account of the transformations of the lavvsc 
of Palmmonetea is that of Faxon (1879), who dealt with the 
American species P. vulgaris Say. Faxon distinguished 6 larval 
stages and at least 7 moults, but the dev’elopment described by 
him differs in some irnpoj*tant respects from that of P. I'ariaus. 

Boas, in 1880, withotit giving a complete descri))tion of the 
larval history, figured and described the transformations of some 
of the appendages. 

In 1881 Mayer gave an account of the development of the 
freshwater form of P. varianrS from which Boas later (1889) 
was able to make liis cdassic comparison between the develop- 
ment of the two races, which he distinguished under the names 
of var. microgenitor and var. mncrogenitor. 

Sollaud, in a series of papers (1912-1919), has dealt with the 
eftect of tlie increase of yolk in the egg on development and the 
eflfects of toinperature, ami has distinguished a third physio- 
logical variety from Tunisia which he named var. mesogenitor. 
This form, unlike var. macrogenitor, has proved to be structurally 
distinct, and should be reganled as a distinct species (Gurney, 
1923). 

it will appear from this that, though much has been written 
about the larval development of PaUismonetes^ no full account 
of that of the northern brackish-water form has been published. 
This may perhaps be considered hardly necessary, but it seems 
to me that such an account may be of value for more than one 
reason. In the first place, Faxon’s account of the larvae of 

• M. K. Sollaud'i work on the larval development of the Palamioniiia? (Bull. Biol. 
France et Belgique, Ivii, 1923, p. 609) contains an excellent account of the develop- 
ment of Palamonetes aariam and also of Leander serratm. Unfortunately, my 
own description was already in print when I received from M. Sollaud a separate 
copy of his paper. 
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P, vulgaris cannot be taken as applyin^j to those of P. t^arians. 
Secondly, it is important to know in detail the exact course of 
development in the Decapoda, and tliis is extraordinarily difficult 
to follow. It is notoriously difficult to keep Decapod larva? alive 
for more than a few days, and the only way, therefore, of 
following out the larval history is by taking the larvjB in tow- 
nets and piecing the series of stages togetlier. In the case of 
P. variaiis, not only can an abundance of material be obtained 
with ease and certainty, but it is possible to keep tbe larvee 
alive from hatching to maturity, and it is therefore easy to 
follow the development from moult to moult. Further, as the 
series of stages is fully as long as in the majority of Caridea, it 
provides a remarkably good example of Caridean metamorphosis 
with which othei’s can be compared. 

I believe that a knowledge of the larval liistory is of import- 
ance in tracing the systematic relationships of the Docapoda, and 
that it is essential for this purpose that wo sliouhl have the 
information for at least representative species within each family. 
A.S I have been able to study the larvjv not only of J*al(rnwnete6 
varians, but also of three species of the genus Leandp?*, 1 propose 
to deal with the latter in a subseqmmt paper, wherein com- 
parison will be made between the larva* of the Pahemonida? and 
those of other Caridea. 

Palmmnetes varians is commonly found not only in brackish 
ditches without direct communication wdth the sea, but also in 
pools on salt marshes and in creeks subject to tidai influence. 
It is by no means unusual for the salt marshes to be floode<l by 
high tides in summer, and on such occasions the larvje must 
bo swept out to sea in large nujubers. In June 11)22 every 
such pool at Wells swarmed wdth larvie, but on July 25 scarcely 
one was to be found, a higli tide having overflowed the marshes 
in the interval. The larvte must therefore he ca[>able not only 
of withstanding great and sudden changes of salinity, Imt also of 
completing their metauiorphosis in the sea, ami it is to be 
expected that they may occur occasionally in the plankton from 
the open sea, though, so far as I am aware, they have not 
actually been identified in such collections. 

The salinity of the pools in which the prawns live is, of 
course, very variable. In ditches near lireydon Abater, larvae 
were found in water with 6*83 grins. Gl ])er litre, while at 
Balthouse tbe salinity was 14*56 grms. ])er litre. The marsh 
{>ool8 at Wells were not analysed, but weie found on June 20 to 
have a density up to 1025, or very nearly tliat of sea* water. 

In normal circumstances the struggle for existence must be 
intense and the destruction of larvic enormous, since the pools 
in which they occur are often barely a yard iu diameter and have 
to support the progeny of several females. In such cases a 
single sweep of the net brings up a thick mass of larvie. Yet, 
by the following summer, such a pool will be tenanted by perhaps 
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half-a-dozen prawns. Such conditions of existence would, one 
would think, tend to favour an abbreviation of development, 
and it may be that it is only the frequency of high tides flooding 
the marshes tliat has prevented the acquisition of the type of 
development characteristic of the land-locked fresh-water form 
of the species* 

Larval History. 

The size of the eggs of P. varians occurring in salt or brackish 
water is known to be very much less than that of the fresh- 
water form of South Europe and North Africa, as follows: — 


Danish coast *7- *8 mm. (Mortensen). 

Northern form *75 „ (Boas). 

Southern form 1*5-1*75 „ (Boas). 

1*3-1 *4 „ (Sollaud). 

Tunisia l*l-l*2 ,, (Sollaud). 


In accordance with these diflerences, which depend upon the 
amount of yolk contained in the egg, the lai s a is hatched as a 
true zoaja or in a stage comhining the characters of the larva 
and the adult. (Boas, Sollaud.) 

Ill Norfolk, P. varianfi hears eggs somewhat larger than the 
sizes given by Boas and Mortensen, vniying from *9 to 1*2 mm. 
in advanced stages. It might therefore be expected that the 
larval form would jiartake of the characters of the southern 
Palmmoiietes, and liatch in a stage much more advanced than 
the zoaea. Such is, Ijowever, not the case. The larva hatches 
as a zoaea of the usual Palannonid type, with the exception that 
the pereiopods arc more developed than is the case in other 
species, and it passes through a series of stages at least equal in 
number to those of Leamhr fahricil for example*. There are 
normally six stages, corresponding to five moults, before the 
adult form or first post-larval stage is assumed, but tliere may 
ocC!i.sionally he seven or even more, in the unfavourable condi- 
tions of life in atjuaria larval development becomes prolonged by 
additional moults, and it is impossible to recognize definite stages. 
I have in no case seen, either in nature or in aipiaria, any inter- 
mediates between stages 1, 2, and 3, which are always produced 
at the first and second moult respectively, hut from stage 3 
onwards the changes between moults become so inconsiderable 
that there cannot l>e said to be any true mctamorpho.sis. 

Sollaud has (1919) studied the larval liistory of P, varians, and 
finds that the number of moults and the duration of larval life 
varies considerably w*ith temperature and salinity, but, so far as 
iny observations go, T am inclined to attach more importance to 
food in determining the course of df 3 velopment. 

* Couti^re (Hull. Inst. Oceanog. civ, p. 62, 1207) has already poinlwl out tlwit 
the degree of development reached by a larva on hatching does not necessarily 
influence the number of stages passed through, and P. varians macropenitor has 
as many larval stages as P. v. microtjenilor. The only difference in this and other 
cases is that the changes fram stage to stage are less marked. 
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The larvte can be quite easily kept alive in aquaria, and I have 
even kept single specimens for a considerable time in tubes 
7*5 cm. by 2*5 cm. without change of water ; but the difficulty of 
providing suitable food and of renewing the water has in most 
cases prevented me from keeping the larvje through the whole 
series of moults, and I attribute the large proportion of “ inter- 
mediate ” stages to the bad conditions provided. These inter- 
mediates will be described below. 

The Larva before hatching -embryonic cuticle. 

Tlie embryonic cuticle is entirely thrown off before emergence 
from the egg, but can be studied in la rvje removed from the egg 
some days before hatching. The appendages are covered by the 
cuticle in the form of simple bags v/itlioul indications of any 
setaB. The cubicle covering the telson, howe\ er, has large, pointed 
lobes corresponding to the setjeof the larval telson, with the excep- 
tion that the two innermost sehe arc enclosed in the same lobe 
(text-fig. 10 1>). That is to say, the embryonic telson possesses 
only six of these conical lobes in place of seven, which is the 
number found in the Jirachyura and is th(», normal number of 
seta> on tlio larv^al telson in the t/aridea. jMayei* supposed that 
seven w%as the primitive number for all J)ei‘apoda, i)ut this is 
certainly not true for the Oai'idea. I liave found the embryonic 
telson of Pandalus borealis, P. montatjoi^ Pandalina brevlrostriH, 
Hippolijle variaas, Philocheras fascUittts, imd Carldlna sihiotiiio 
have six embryonic spines only, us is the case clso with the 
British species of Leand^er, The telson of tlie un hatched larva 
is so folded as to appear deeply cleft. 

I have been unable to trace any scgnnaitation in the cuticle 
corresponding to the segmeutnllon of tlie abdomen in tlie larva. 

Description of the Larvae. 

Stage I. (Text -fig. 1 A & B.) 

The size of the larv® wlien hatched varies rather markedly, 
l)oth in specimens from the same pool and also in those from 
different loc.alities or adjacent pools. The following average 
measurements illustrate this variation : — 


Wells. 

Pool 1 .. 

3-2.3*75 

nun., average 

3-55 

mm. 


„ 2.. 

3*4-3*6.5 


»» 

3*51 

5 ) 

Blakeney. 

„ 1- 

3-6-4-0 

>» 

>> 

3-8 

>1 

» 2.. 

3-85-4-1 

o 


3*9 

»» 


„ 3.. 

3-5-3*75 

n 

>1 

3-62 

»» 


These differences in size are not accompanie<l any differences 
in structure. 

Odour, 

The general colour gf the larva seen under a low-powered lens 
is straw-coloured with a tendency to orange. In later stages the 
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colour changes to a distinct orange. Before hatching, and in 
some cases afterwards, there is a delicate diffuse blue tinge on 
the surface of the greater part of the body : but this is seldom 
traceable for long after hatching. As is the cnse in so many 
Deca|)od larvte, the colour of the chroinatopbores is not the same 
in transmitted as in reflected light, and the general colouration is 
very greatly affected by the degree of expansion of the chromato- 
phores. Larvae hatched in my aquaria and kept in a strong 
diffused light became and remained practically colourless, the 
chroraatophores of the thorax and anterior segments of the 
abdomen contracting so much that they were often difficult or 
even impossible to see. 

The chromatophores may contain only transparent orange 
pigment, which expands into an exceedingly delicate network of 
branches. The scatUu ing of the pigment is often so groat that 
the chromfito[)hore itself disnppcars, leaving only a faint diffuse 
colour over the area covered by its ramifications. This is 
commonly the ca.se in the lateral chromatophores of the carapace 
and those of the abdomen. But many, as for example the large 
median spot of the third ahdf>minal somite, contains a centml 
nucleus of opaque yellow pigment wdiich expands into thick 
hnuiches and i.s black in transmitted light. 

Tlje distribution of tlie chromatophores is shown in the accom- 
panying figures, and it is not necessary to enumerate them 
precisely, though the position and numbers of tliem are a 
valuable aid to identification. J will only <lraw attention to three 
points : — 

(1) The characteristic feature of the larva of P, variavs^ by 
which it may be recognized immediately when alive, is a long 
streak of orange jugment extending dowui tlie middle of the 
telson and widening out at its posterior margin. This streak 
sometiimes breaks up into .separate spots, but 1 am unable to say 
whether it i*epresouts a single chromatopliore or several. Pro- 
bably it is a single one. 

(2) In the mouth region a pair of labial and of maxillary 
chromatophores are generally visible (text-fig. 1 B), but they are 
very small, and one or both of each pair may apparently be 
absent. They are never sufficiently large to affect the colouration. 
This is an important difference between this species and the 
Leanders. 

(3) The pleon segments have no chromatophores on their 
ventral surface, with the exception that there is sometimes a 
small opaque yellow spot at the base of the telson. 

Structure. 

The thorax, from tip of rostrum to posterior margin, is 
scarcely more than halt the length of the abdomen, and the 
carapace lacks any of the spines wdiich are characteristic of later 
stages. The rostrum is long, slightly downcurved at the end, 
and the end is sometimes armed below witli two or three small 
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hooks; but these hooks are minute and often absent. The 
rostrum reaches nearly to the end of the antennular peduncle. 

The eyes, as is always the ciaso in the lirst stage of Caridean 
development, are not stalked or movable. 

The segments of the abdomen are without any spines. The 
telson, which is fused with the sixth somite, is broadly equi- 
lateral, and bears 14 sette, of which the 3rd and 4th* are the 
longest. The outer two sette are ciliated on the inner side only, 
the remainder on both sides. 

The Appendages, 

The 1st antenna has a long one-jointed peduncle, bearing at 
its apex a single long feathered seta winch is seated on a small 
papilla. Ther(^ is no trace of an inner branch, but the outer 
sensory branch is represented by a small joint bearing three 
apsthetes, one of which is stouter than the other two. it carries 
also a short ciliated seta and a delicate seta inserted on the inner 
side but bending outwards across the lesthetes. 

The 2nd antenna consists of a short, strong stem bearing two 
branebes, the scale and Hagellum. The former is nearly parallel- 
sided and jointed at the apex, bearing 10 ciliated setse. There 
are, in addition, a- minute terminal hair and a delicate outer seta 
on the first line of segmentation. The flagellum is represented 
by a inirrow rod, about lialf as long as the scale, bearing a long 
ciliated seta and a small tooth. 

Mandibles. The mandibles are not exactly symmetrical in 
the arrangement of spines, but on both sides shovr an indication 
of a division into molar and cutting parts by an indentation in 
the middle. 

Maxilla 1 . Consist of a proximal and distal lobe armed with 
strong spines and a short endopodite of one joint, bearing a 
single terminal seta. The distal lobe has no outer seta. 

Maxilla 2. The protopodite bears three inner lobes only, two 
of whicli belong to the basipodite. The endopodite is not seg- 
mented, having a single setiferous inner lobe and one terminal 
seta. The exopodite or scaphognathite is of the usual Caridean 
form, with 5 setro (text-fig. 10 A.) 

Thoracic appendages. The three pairs of maxillipedes are fully 
developed, with large swimming exopod ites bearing 6, 8, 8 seta? 
respectively. The endopodite of the 1st maxillipede is small and 
one-jointed, with a few slender setie, while those of the 2nd and 
3rd are four- join ted, ending in strong claws. 

Behind the maxillipedes are distinct rudiments of the five pairs 
of pereiopods, the first four being biramous. The 1st, 2nd, and 
5th are very much larger than the 3rd and 4th, and there is a 
rudiment of a single gill above the 6th leg. 

Pleopods. Although the pleopods are not yet developed, they 
are traceable as minute papillss on segments 2-4. 


^ Tbe Beta) of tho telson are, in all oases, coanted from tlie outer margin. 
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Stage II. (Text-fig. 2.) 

The first moult to stage 2 takes place about 4 days after 
hatching. Specimens reared in aquaria are almost colourless, 



except for the characteristic yellow streak in the telson, but 
those taken in marsh pools are of a rich orange colour. The 
armngement of the chromatophores is the same, except that 
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there may be one or two additional small centres laterally in the 
thorax. 

Length : Wells, average 3*83 mm. 

Blakeney, „ 4*25 mm., 

e., an increase of about *5 mm. in each case. 

With the first moult the larva changes considerably in appear- 
ance. The eyes are now stalked and movable ; the rostrum, 
which reaches about to the end of the first joint of the peduncle 
of the 1st antenna, is slender and either straight or more or less 
bent down wax ds into a hook at the end. This hook is less 
pronounced than in Leander longirostris or L, sqailla. On each 
side of tlie base of the rostrum is a large toothed supra-ocular 
spine, and there is a single large toothed median dorsal spine 
about the middle of the carapace. The 5th abdominal somite 
lias now two long lateral downcurved spines which are retained 
through later stages. Tlie fith somite is still not separated from 
the telson. 

The telson diftei\s from that of the first stage very slightly in 
shape, but the 2nd seta is now ciliated on both sides and there 
is a pair of additional small median spines — 16 in all. 

The pleopods are distinctly visible as small buds, those of 
segments 2-4 being the largest, but there seems to be consider- 
able variation with regard to the size of these buds, which in 
some cases are merely minute papilhe and in others compaia- 
tively large buds. 

Tlie peduncle of the 1st antenna is now distinctly two- jointed, 
and a circlet of sensory setie marks the position of the future 
third joint. The first joint is slightly dilated at the base. The 
outer ramus is still one-jointed, bearing 4 aesthetes. 

The endopodite of the 2nd antenna is unchanged in shape, 
but has lost the long terminal spine and small tooth and lias 
two delicate terminal seta* instead. The scale has 17 setae. 

The pereiopods are greatly developed as compared with stage 1 . 
The first and second are biramous appendages with functional 
exopodites resembling maxillipedes 2 and 3. Legs 3 and 4 are 
still rudimentary, but distinctly biramous and turned forwards 
along the ventral surface. Leg 5 is uniramous, large and well- 
developed, being turned forwards and reaching with its terminal 
spine nearly to the mouth. 

Rudiments of gills are vLsible upon the pleura of each of the 
five pairs of pereiopods, that of the 5th being considerably tho 
largest. 


Stage III. (Text-figs. 3, 4 A & 4 B.) 

Length : Wells, 4*38-4*9 mm. 

Blakeney, 4*77-4*92 mm. 

Reared in laboratory, 3*65-3*9 mm. 

The second moult takes place 4 or 5 days after the first, and 
pRor. Zooh. Soc.— 1 924, No. XX, 20 




DEVIXOPMENT OF SOME BEITISH PRAWNS. 


307 


introduces considei*able changes in the larva, which is readily 
recognized by the possession of two dorsal median spines. 

The colour does not differ from that of previous stages and the 
arrangement of the chromatophores is the same. 



The telson is now separated from the 6th abdominal somite 
and is more elongated, the greatest width being about equal to 
its length. The posterior margin Imrs the same number of 

20 * 
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spines as in stage 2, but the outermost is reduced to a small 
tooth situated a Tittle way up the outer margin. 

1st antenna. The peduncle is still two-jointed, but it is broad 
at the base with a pronounced external notch. The inner branch 
is now represented by a distinct joint bearing a single setiu 
The external branch is unchanged. 


Text-figure 4 B. 



Palamonetea variant. 

Stage III. Ventral view of thorax showing arrangement of appendages. 

2nd antenna. The scale still shows traces of jointing at the 
end and has a larger number of setae. The inner branch or 
flagellum is about two-thirds of the length of the scale and 
consists of three joints, two short basal joints and one long 
distal joint bearing a few short sette at the end. The peduncle 
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is one- jointed and the tubercle on which the antennal gland 
opens is present. 

Pereiopods. All the thoracic legs are now pi*esent. In the 
first and second pairs the propodite is slightly produced to form 
the incipient chela. The third leg is well-developed with a 
setiferous exopod ite, but is much smaller than the second. The 
fourth remains a biramous rudiment. The fifth leg has deve- 
loped into the form of a very long styliform appendage bent 
forwards along the middle line and reaching with the terminal 
spine as far as the base of the antenna. The great development 
of this appendage recjills the larva of the Alpheidfc, 

Pleopoda. These are now present on all somites. On the 1st 
and 5th they are still small rounded knobs, but on somites 2, 3, 
and 4 they are forwardly-curved un jointed rods. 

Uropods. Tlie uropods ap]>ear at this stage, the exo])odite 
being large and provided with a number of seta', while the 
endojxxUte is without setae and about half the length of the 
exopodite. 

Gills. All the pleurobranchs are present, but not functional. 

Stage IY. (Text-fig. 5.) 

Lengtii 4*5- 5*4 mm. 

After the third moult the separation of definite stagers in 
dovelo)>ment becomes exceedingly difficult, since there is so much 
individual variation in the amount of change taking place between 
successive moults. This is especially the case with larvae kept 
ill aquaria, and is, in their ciuse, no doubt due to unfavourable 
conditions; hut oven in natural conditions every possible in ter- 
meiliate stage may he found leading in unbroken sequence to the 
adult form. It is possible to define as the typical I mode of 
ilevelopment three stages intervening between stages 3 and the 
post-larval stage, corresponding to three moults, but the number 
of moults and of intermediate stnge.s may add three or more to 
these. These three stages 1 define a.s stages 4, 5 A, and 5 B. 

Stage 4 in its typical form differs from stage 3 as follows; — 

(1) An additional doiml spine appears .at the base of the 
rostrum, making thrc'e dorsal spines. Tlie first of these tliree is 
retained in tlie adult, while the other two are lost later. 

(2) Pereiopods 1 and 2 are chelate, the propodite having 
extended nearly or quite to the end of the dactylus. The first 
pair is larger than the second, 

(3) Tlie fourth pereiopod is develojied, hut the exopodite is 
often without setfo. Legs 3 and 4 are smaller than 2 and .5. 

(4) The pleopods are longer and curved forwards. The 5tli 
are small, but the others are rather large and have rudiments of 
the endopodites. 

(5) The telson is narrower at the end, the length considerably 
exceeding the greatest width (sometimes 2 to 1). 

(6) The two outermost setae of the telson are reduced to 
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minute denticles which have moved a little up the sides, but 
both form and arrangement of spines at this stage are very 
variable. There are usually five paix*s of terminal setae (7 pairs 
in all). 

(7) The endopodite of the uropods bears setep. 



(8) 1st antenna. The base is more distinctly notched, and 
there are usually two “ otic” setm seated in the notch. 

(9) The 2nd antenna differs little from stage 3. The endo- 
podite still consists of three joints and is shorter than the spale. 
The latter has lost all traces of distal jointing. The peduncle 
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shows an oblique line of division below the insertion of the endo- 
podite. This is the first indication of the separation of a portion 
of the coxopodite to give rise to the sclerite, which, in the adult, 
forms apparently the first joint of the ftagellum, but is really a 
part of the peduncle. 

Between stages 3 and 4 intermediates are found having every 
possible combination of characters. In particular, the endopodite 
of the uropods may be either without setae, but nearly as long as 
the exopodite, or may have a very few setse, or, in a typical form, 
may have a number of setae along the inner edge. The telson 
may be expanded as in stage 3 or reduced in width in various 
degrees. In one specimen from Cley measuring 6 mm. (larger 
than normal) there were only two dorsal spines, the endopodite of 
the uropods was without setie but a.s long as the exopodite, and 
the telson was armed as in stage 3, though slightly narrower. 
Yet legs 3 and 4 were developed as in stage 4, and the pleopods 
were also large. 

Stage V. (Text-fig. 6, A B.) 

Between stage 4 and the post-larval condition the larva appeal's 
as a rule to moult twice, so that stage 5 may be divided into 
two sub-st^ages, 5 A and 5 B, but this is not invariably the case. 
I have, in one instance, l)een able to observe the moulting of 
an individual from stage 4 to stage 5 B, and from that to post- 
larval, but in all other larv® kept under observation an additional 
moult has given rise to the intermediate form 5 A. One larva 
kept from .stage 1 in a small glass passed through the first four 
stages at intervals of 3-5 days. It then moulted, first to a stage 
intermediate between 4 and 5 A, then to stage 5 A. After two 
further moults it died, being then still in stage 5 A. It is curious 
that in this case moulting still occurred at intervals of a few days, 
yet without apparent growth or change. Under natural con- 
ditions stage 5 A is found to be nearly as frequent as 5B, 
indicating that two moults are the general rule. 

Stages 5 A and 5 B difl^er together from stage 4 in the following 
characters : — 

(1) Antennte. The endopodite is longer than the scale, and the 
distal part ha.^ three or more joints. 

(2) The telson is much narrower, the width less than half the 
length, and the greatest width is in or in front of the middle. 
There are five pairs of distal spines and two pairs of small lateral 
spinules. 

(3) Pereipods 1 and 2 are larger and fully chelate, but there is 
some variability as regards these appendages which may some- 
times be only subchelate. 

(4) The pleopods are longer. 

The differences, in fact, which appear as the result of moults 
after stage 4 are differences of degree, and not due to the acqui- 
sition of any new characters. 
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Text-figure 6. 

A. 



Talamoii0tei variant. 
Stage V, B, 
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Stages 5 A and 5B are distinguishable only by very small 
differences : — 

(1) Size. 5 A : 5-6*27 mm. 5 B : 6*54-7*2 mm. 

(2) The flagellum of the antenna, which in 5 A is but a little 
longer than the scale and consists of 5 joints, is considerably 
longer than the scale and of 7-9 joints in 5 B. The long, slender 
flagellum of the latter stage is an easily recognized and distinctive 
character. 

(3) The telson in stage 5 B is more than three times as long as 
it is broad, whereas in 5 A it may be a little more than twice as 
long. The arrangement of spines is the same, with the exception 
that tliere is often an additional pair of lateral spinules, which is 
apparently a new acquisition in 5B. 

(4) The pleopods, which in 5 A are somewhat curved, are long 
and straight in 5 B. 

When the larva in stage 5 A is approaching the moult, it is 
easy to determine whether it will moult direct to post*larval or 
will pass through the intermediate stage 5 B. In such cases, if 
stage 5 B is to arise from the moult, the new telson with its 
spines will be seen to conform to the old, and the spines on the 
carapace will also be in process of renewal. If, on the other hand, 
an individual of stage 5 A or 5 B is found in the moult to the 
post-larval condition, it will be seen that only the firet dorsal 
spine encloses a new spine, the two posterior spines and the supra- 
ocular spines being empty. Tlie new telson also <loes not conform 
to the old one, having a small median point and one pair of large 
spines which are being withdmwn from the outermost large spine 
of the larva. I have not been able to satisfy myself as to wliether 
the median pair of setic of the post-larval form correspond to one 
of the pairs of the larval telson. It seems likely that the feathered 
seta? of the adult telson, which are iisu.ally two in number, but 
may be as imiuy as six (see Gurney, 3923, p. 117), are new acqui- 
sitions, and have nothing to do with the larval telson. 

In stage 5 the sclerite between the 1st segment of the abdomen 
and the thoi-ax intermediate plate” of Caiman, 1904) becomes 
chitinized and <Hstinct. At the moult it is cast off attached to 
the abdomen, of which it is a pait, but is easily detached from it. 

First Post-larval Stage. (Text-tig. 7.) 

Length 7'07-7*6 mm. 

With the moult from stage 5 B the general appearance of the 
adult is assumed, and the yonngpmwn, though a ready swimmer, 
changes entirely its means of locomotion. Whereas the larval 
stages always swim on their backs by means of the exopodites of 
the legs, the post-lai*val stages, even if still provi<led with exopo- 
dites, swim mainly by means of the pleojKids, and always right 
way up.” The latter change is no doubt due to the development 
of the otocyst, since the larva, which is not provided with one, is 
unable to overcome the action of gravity which naturally causes 
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the body to assume a position with the dorsal side downwards. 
The presenoe of sand-grains in the octocyst does not seem to be 
necessary for its proper functioning, since 1 have seen young 
prawns with the otocyst entirely empty, but apparently not in 
any way adected its regards powers of orientfition. 

I should point out that I\ more it seems than other 

prawns, is throughout life an activ^e swimmei. Around the edge 
of marsh-pools at Wells 1 have seen clouds of young prawns 
hovering, as it were, with head upwards awaiting food, and the 
adults may be seen constantly swimming to and fro in pools by 
sluice iloors and the like. Z. aquilla^ on the other hand, is rarely 
seen to swim unless disturbed. 


Colour, 

The young pmwn is almost colourless to the naked eye, but 
with a large numljor of .small chromatopl lores scattered over the 
body, of winch the distribution is as follows : — 

(1 ) Eye. One yellow chrornatophore ventrally, 3 small orange 
and one large brownish one dorsally. 

(2) Rostrum quite colourless. 

(3) 1st antenna. One yellow chrornatophore in each of the 
three joints of the peduncle. 

(4) 2nd antenna. A few minute pigment spots at base of 
scale an<l in stem. 

(5) 'fhorax dotted with small omnge chroraatophores, not 
arranged in lines. A large chrornatophore runs acroas the 
junction between the eyes, which is black in transmitted light, 
but witli an opa<pie yellow centre in reflected light. No others 
of this type are found in the thorax at this ifirat stage. No 
chroinatophores were seen veiitrall}'. 

(6) Abdomen. Is also dotted over with small orange pigment 
spots, hut there are also in .somites 1 -3 opaque .spots as described 
under (5). Possibly these are the white spots of the adult. No 
ventral chroniatophores except in somite 6. 

(7) Telson witli n row of 5 yellow chromatophores down the 
middle line and one lietweeu the uropods an<l at the end of the 
()th somite ventrally. 

(8) One chrornatophore in the ischiopodite of each of the 5 legs, 
and also in tlm 2nd and 3rd muxillipedes. 

The changes which take place at the moult to this stage are 
as follows: — 

(1) The rostrum. While retaining the narrow sabre-like 
rostrum of the larva, the dorsal and ventral teeth of the adult 
are acquired. The full nuniljer of teeth is found in this fii’st 
stage, and seems to I'emain as a rule the same throughout life, 
with the exception that the apex is never bifid at this stage. 
1 have traced the history of the rostrum in a number of speci- 
mens, but in most cases for less than four moults. In one case 
only the apex became bifid at the first moult, wdiile the only 
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other specimen which fujquired this apical tooth under observation 
did so at the 6th moult, I have met with one case in which a 
rostrum wdtli, at first, five dorsal teeth, had, after the 5th moult, 
only four. In all other cases of moults either of young or adults, 
in this or in other species, I have found the rostral formula to 
remain the same. 

(2) The supra-ocular spines and tlie two posterior dorsal spines 
of the larva are lost, while the anterior dorsal spine is retained. 
^JUie antennal spine which is now present is a new acquisition. 
The retention of the supra-orbital spine in some Pontoniinue (e.g. 
Peridimenes spiuiferas) is no doubt a primitive character. 

(3) The telson (text-fig. 10 E). The shape of the telson remains 
almost the same, hut the posterior margin has a very small median 
point. The adult form with triangular a })cx is not acquired until 
the 3r<l or 4th moult. At the outei* angles there is a. pair of 
long spines flanked by a pair of very small spines, these two pairs 
representing the outer two pairs of the larva and the two strong 
terminal spines of the adult. Whether the median feathered 
setfc of the adult are new acquisitions or coi respond to any of the 
larval spines I am unable to my, 1 have examined a number of 
larvje about to moult without being able to find any evidenct' tliat 
any of the larval spines other than the two outer pairs are 
retained. Only in one instance did the tliird spine appear to 
contain a delicate new hair. In any case the telson of tlie first 
j)ost-larval stage may have no hairs at all, or it may have a j)air 
of very small delicate hairs. Jn one case 1 have seen three pairs, 
in which case it is allowable to suppose that all the ^ irval spines 
were represented. 

(4) 1st antenna (text-fig. 9 A). The antennular peduncle is of 
tlie adult form, with the exception that the outer distal expan- 
sion of the first joint is only iudicated by a. small book-like pro- 
jection bearing a single hair. Theadidt form is not complete till 
about the fifth moult. The inner flagellum consists of 2 or .3 joints 
only, while the outer shows no ti-ace of tliu accessory liagellum, 
consisting of three thick })asal joints and one slender distal joint. 
'J'he growth of the liagellum is deidt with helow. The otocyst is 
fully formed, but is widely open. 

(5) The epimera of the 5th abdominal somite are never com- 
pletely rounded as in the adult, and aie occasionally produced 
into long pointed processes as in the larva. Jn somoVases these 
processes are retained through one or more moults, but they are 
generally lost at the first moult. 

(6) 2nd antenna. Has the adult form, the scale having an 
outer terminal spine, and the flagellum very long, with about 17 
joints. The basal joints of the i)eduncle and flagellum are 
arranged as in the adult. It is clear from a comparison with 
the larvae that the apparently basal joint of the flagellum is 
actually a sclerite segmented oflT from the basipodite, and is not 
really an independent segment of the endopodite itself. The 
protopodite therefore consists of three and not of two segments, 
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but the third is a secondary acquisition. I can see no evidence 
that the peduncle is primarily three-jointed. 

(7) The mouth-parts. The mandible and maxillsD have pmcti- 
cally changed to the adult form, and the 2nd maxilla has lost 
entirely the lacinia of the coxopodite. (Text-fig, 10 B.) 

Theepipodite of the first iimxillipede is a Y-shaped structure 
with two iiJirrow arms, and has not acquired its final slmpe. The 
second maxillij)ede differs from that of tiie adult in several 
respects. The coxopodit(' bears only a small knob representing 

Toxt-figure 8. 



Thoracic appendages of hrst post-lar\aI Rtnge, 
ghowing g^lls exopodites. 


the future epipodite and podobninch, while the terminal joints of 
the endopodite are intermediate in form between that of the larva 
and of the adult. Curiously enough, the exopodite of the second 
and third maxillipede loses it setie altogether at this stage and 
reacquires them at the next moult. 

The third maxillipede has a small lobe on the coxopodite 
representing the epipodite, and a small knob may in some speci- 
mens be seen at the point of articulation which probably 
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JPalamonetet mriang. First antenna. 

A. First post-larval stage. D. Fifth post-larval— the otocyst. 

B. Fifth post-larval. A. Covering membrane of the stylo- 

O. Fourth post-larval. c®rite. 

E. Stage II. Shoaring aiitennular lobe B. Edge of opening into otocyst. 

and sensory setie. 
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represents the arthrobranch. The arthrobranch and pleurobranch 
are not developed till after two or three moults. Mortensen 
states that they do not appear in L, fahricii till the 9th moult 
(4th post-larval stage). In P, varians the pleurobranch is always 
very small and sometimes entirely absent. In one adult examined 
it was present on one side and ab.sent on the other. Claus states 
that this gill is not developed in P, variaus, but this is certainly 
not the case as a rule. (Text-fig. IOC.) 

(8) Peroiopods (text-fig, 8). Exopodites are always present on 
the first foui- pei’eiopods, generally, however, only as short rods 
without setje. But there is much variation in this respect, and 
they are often, and particularly the fourth pair, found still to 
have setm, though reduced in size. T shall deal below with the 
further development of the fii’st two pairs of legs. 

(9) Pleopods. These are now functional and provided with 
j'etinncula. No sexual differences are to be found in the second 
]mir till the young prawn reaches a size of 15 mm., when a 
minute bud at the ba.se of the retinaculum indicates the appear- 
ance of the appeiuh\v vyuHculinu. The appendix is not fully 
devel()pe<l until the animal is nearly full-grown — 20 mm. or 
more. 


Intermediate Post-larval Stages. 

I liMve met with a few individuals in natural conditions, and 
with others reared in aejuaria, in which the change from larval 
to post-larval form is effected through an intermediate stage 
combining tlie chai'acters of both. 

K rample 1 . Stage 5 C. (Text-fig. 1 1 .) 

In this individual, t/aken at Blakeney, the characters of 
stage 5 B are retained for the most part, but the following features 
of the adult are acquired : — 

(1) The rostrum has two doi’sal and one ventral spine, the 
larval spines on the carapace being all retained. 

(2) The clielai of the first and second legs have nearly the post- 
larval form and arrangement of spines and setae. The terminal 
long spine of the larva is lost from the second leg and retained on 
the dactylus of the first. 

(3) The pleopods are setiferous and functional. 

(4) The 1st antenna has the post-larval form. 

The exopodites of the legvS and the telson are as in the larva. 
In another very similar specimen from Blakeney the mouth- 
parts show rather more change, the endopodite of the second 
maxillipede in particular having acquired in pai*t the j^ost-larval 
structure and spines, without altogether losing the larval char- 
acters. The proximal lacinia of the 2nd maxilla is reduced, but 
is still pi'esent. 
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Text-figure 10. 

A. 



A. 2nd maxilla. Stage I. 

B. 2nd maxilla. First post-lariral stage. 

C. Basal joints of 8rd maxillipede. Adult of 33 mm. £p» Epipodite. 

A. Artlirobranch. P. Pleurobranch. 

D. Talson of embryo removed from egg. Left half only shown. 

£. Telson. Second postdarval stage. 

F. 2nd pleopod. Young male of 18 mm. 
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Example 2, Stage 5 D. 

In this specimen the lan^al carapace spines are reduced, the 
supra-ocular spine having disap|>eared, but the rostrum has 
jicquired no new spines. 

The telson has the larval form, though it lias lost the median 
pair of setae. 

The octocyst is formed, though widely open. 

The exopodites of the legs are well -developed, while the fii'st 
two pairs of legs have otherwise the adult form. 

A second specimen had traces of all the laival carapace 
spines, but had in addition two minute dorsal an<l one ventral 
spine. 

Proo. Zoon. Soc.— 1924, No. XXI. 
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Pokt-larval (jROWTH, 

The changes which occur in the young prawn at tlie successive 
moults following the moults to the post-larval coiulition affect 
mainly the following characters : — 

(1) 1st antenna. The length a!ul number of joints in the 
outer flagellum. 

(2) Length of the joints in the first two pairs of legs. 

(3) Reduction of the exopodites of the legs. 

(4) Shape of the epimera of the fith abdominal somite. 

(5) Form of the telsoii. 

Each moult is accompanied by changes in respect of one or 
more of these characters, but the change is small and irregular 
so that it is impossible to recognize ilefinite slMge>. 

1. \8i Auteui na. (Text-tig. 9.) 

In the adult the outer sensory llagellmn is HO per cent, of 
the length of the peduncle, and the basal oi “ fused " }»art is about 
75 per cent, of the whole*. The distal, unmodified, part greatly 
exceeds the length of tfie peduncle. 

In the first post-larval .^tage the whole outer flagellum is less 
than half the length of the peduncle, and consists of 3, or rarely 
4, joints, the second joint healing a group of 4 lesthetes on an 
inner notch. Tnis notch seems to rej>resent a fixed point in the 
flagellum, and fioni it will later grow out the short accessory 
flagellum. Growth and increase in the number (»f joints takes 
place proximally and distally of this point, joint'^ being added at 
the base of the flagellum to the sensory part and also dist.ally 
beyond the iiotcii in (piestion, the latter joints being slender and 
tactile. 

The second and third post-larval stages ( Jst and 2nd moults) 
remain npicli the same ns the first, the wliole flagellum con- 
sisting of 4 or 5 joints, a basal thick part of 3 and a distal 
slender part of 1 or 2 joints. At the third (text-fig. 9C) 
moult a minute tubercle may make its appearance in the notch 
of the 4th basal joint, representing the first appearance of the 
accessory flagellum, and this flagellum becomes definitely 
distinct at the 4th moult, wliile at the same time the distill 
slender part becomes greatly elongated. I'he three terminal 
assthetes of the basal portion are carried forward on the new 
accessory flagellum, and the distal part of the notched joint 
becomes separated as the basal joint of the distal ])art, ]t is 
(|uite clear that the acce.ssory flagellum is an outgrowth fiom the 
thickened part of the outer flagellum. It is usual to 
the shorter ramus of the outer flagellum ns being “ fused 
longer for a certain part of its length, but it is perfectly evident 
that thi.s short flagellum has at no time been a separate hmnch 
from the peduncle, and is not in any sense fused to the outer 


speak of 
to the 
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Hagellum. It is, in fact, an Kccessory outgrowth of the latter, and 
it js correct to speak of the peduncle hearing an outer and an 
inner luiiius, the forniei* bearing in addition an accessory branch. 
For the purpose of specific description the ramus may he divhled 
into * — 

(a) Hasal part. 

(/>) iJistal part. 

{a) Accessory Hagellum. 

The latter is a new nc(]uibition jieculiar to the Palaunonidfe and 
some Alpheida*, while the distinction between basal and distal 
jKU-ts is a character shared with Panda lida? and others. 

'rhe adult form of antenna with 15-18 basal joints and 
5 7 joints in the accessory hi'anch is not atbiined till very near 
maturity, or a lengtli of 30 40 mm. in the female and alx>ut 
25 mm. in the male. 

2. Second pah' of hgs, 

Jn the adult the dactylus of this [»air is from two fiftb.s to 
one third of the length of the whole chela, while the chela is 
('onsiilerably shorter than the carpus. The cjirpus is always 
longer than the merus — in some cjises nwirly twice as long. 

In early pgst -larval shiges the proportional lengths of these 
joints arc very different from thase of the adult, as i.s showji in the 
ac<;om]mnying table. 

In the first past-larval .stage the chela is relatively much longer 


Table 1. 

Sliowing growth of the joints of the 2nd Ijeg in 
Pahhiaoneies varians. 


1st l\»!»t-larv]il iSUifft’ 


3nl 

5th 

7t!i 

Bth 


fH 


9 

9 

9 


Length of 
animal. 

. Uactvlus. 

Chela. 

Carpus. 

Meru« 

&7 nun. 

100 


106 

115 

„ 


220 

132 

150 

7-3 „ 


180 

U1 

120 

8*0 „ 


21fi 

166 

U7 

lo w „ 


1 2i2 

215 

200 

11-07 „ 

> 

228 

210 

208 

136 

! » 

228 

256 

216 

10 


262 

32t 

257 

u „ 


3(X) 

373 

3(X) 
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than in ilie adult, and the dactylus is generally more than half 
as long as the chela. The carpus varies greatly in length, but is 
usually considerably shorter than the chela and is always much 
shorter than the merus. There is great individual variability in 
the first post-larval stage and still more in latei* stages, so that it 
is impossible to say atwbat stage the adult condition is assumed ; 
but generally tbe chela remains longer than the carpus till at 
least the seventh moult, when the young prawn has attaine<l a 
length of about 12 mm. The carpus, on the other hand, rapidly 
increases in length in proportion to the inei us, which it excee<ls 
by a small amount at the second and third moults. The actual 
proportions of the adult are proluibly not attained till maturity, 
but from about 14 mrn. length the carpus exceeds in length both 
the chela and the merus, so complying with the ])roportions 
characteristic of the species. 

Ortmann (Zool. Jahrb. Syst. v. 1891 ), in his U(*\ision of the 
genus has discussed the clianges in the proportions of 

the joints of the clielipeds with growth; but bis conclusions are 
entirely contrary to my own with regard to Palitunon^tes, and be 
states that grow th takes place chiefly in the chela itself, and that 
w’hen the carpus in the young is short(‘r than the claw the 
difference becomes greater, while when it is longer the <iifter- 
ence becomes less. Also that a carpus whirl i is shorter in the 
3 'oung never reaches or exceeds its length in the adult. In 
the British Leanders and /^ varians the carpus is always much 
shox’ter in the early post- larval stages tha)i the chela, and the 
greatest growth takes place in this joint, wlihrh, in all (except 
Ij. serratius, eventually equals or exceeds the merus and fjpproxi- 
uiaies to or exceeds the length of the chela. 


3. Exopod lies of the pereiojwds. 

The condition of the exopodites of the pereiopods in the first 
post-larval stage probably depends a goo<] deal on the vigour of 
the larva, greater vigour leading to greater abbreviation of 
development; but the general rule appears to be that they 
are present in the first stage ae functionless brandies without 
setfe but of considerable size (text-fig. 8). Commonly that of 
the fourth leg retains three or four short seta?, while the 
remainder either lack seta? altogether or have minute terminal 
spinules. 

At the next moult the exopodites are not entirely lost, hut are 
still visible as small papilla? on the coxopodites. They disappear 
altogether at the second moult. 

The first and second post-larval stages are definitely recog- 
nizable by tlie condition of the exopodites as a geriferal rule, but 
there are exceptional cases of the full retention of the exopodites 
in the first post-larval stage, which probably do not then lose 
them altogether till later than the second moult. 
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4. JfJpiniera of the Wi abdominal somite* 

ill the lust larval stage* these epimera are pioiluceil into long, 
somewhat downeiirvetl, |K>inted processes, and in the first post- 
lar\*al stage these processes, though much reduced, aie still as a 
rule retained. In the next moult they may be lost altogether, 
hut very coniinonly a small point is retained, not only in the 
second stage, but up to the 5th moult and at a length of 
1 1 Him. 


Hate of Growth and Maturity* 

At the moult from larval to postdarval the young prawn 
reaches a length of 7-7*(] inm. The first three moults are iiassed 
tlirough at intervals of 4 or 5 days witliont any great increase of 
sise. Intervals between moults become gradually longer, but are 
very variable in captivity — for insUince, the intervals between 
the 3rd and 4lh moult in live specimens were 5, 8, H, 15. 0 days, 
an average of 8*4 <lays. By the 8th stage (7th moult) a size of 
alnuit 12 mill, is reached. 

By August lO the young pravvn.s at Cley had reached a size of 
1 2 -lb mm., being then prolmbly about two montbs old and baving 
passed tlirough m*arly 10 moults. A month later, young of the 
year were found ninging from 16 min. to about 24 mm., and the 
distinction between young and adults became ditticult to draw 
except by examination of the aiitennule in the case of females 
a ml of the male appendix in the case of the males. 

The first sign of the ap|)endix is s«^n at a size of about 18 mm. 
(text-fig. 10 F), ami below this size it is impossible to ilistin- 
guisli the sex either by this cliaract^.*!- or by the position of the 
legs. At 23 mm. the sexual characters are almost fully deve- 
loped, the male appendix being of full size but without its full 
complement of seta*. At 28 mm. the animal is completely 
developed. 


iJevelojunent of the Olocyst* 

The first ap^iearance of the auditory ’’ organ maybe «iid to 
l>e ti*aceahle in the third laiwal stage, when a, small notch is 
developetl at the base of the antennules, in wliieh are seated 3 or 
4 sliort ciliated seta) of the same type as are found later in the 
otocyst. In the fourth stage the projection of the antennules 
which bounds the notch and will eventually form the scaphocerite 
becomes larger, but there is no insinking of the stem to form 
an auditory vesicle. In stage 5 A the conditions are much the 
sauie, but in some, if not in all, specimeiKs of 5 B there is an 
oblong pit completely open except where its jiroxiimil end is 
slightly overlapped by an extension of the scaphocerite. 

The intermediate stage describeil above as 5 1) shows a specially 
intei^esting condition, since the membranous overlap of the 
stylooerite lias extended over a large part of the lut and the 
anterior side has also liegun to close in« 
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III the first pDst-larval stage the auditory vesicle has attained 
to its filial functional form, and contains grains of sand or other 
foreign bodies. In life there is generally a rather large slitdike 
opening into the vesicle, but in the moulted skin which it is 
convenient to use for study the stylocerite is usually displaced 
in such a way as to close this opening. In any ca^e, it appears 
that the cavity is open to the exterior not only dorsally by means 
of this slit, but also laterally, since the stylocerite has the form of 
a membranous reduplication of the integument and is hollowed 
along the outer edge of the auteiinular shaft. In this way it 
lorms, as it were, a tubular outer entrance to the broad ilorsal 
opening of the vesicle (text-fig. 9 ]>). 

The surface of the aiitennule in the neighbourhood of the 
otocyst is provided with numerous ciliated set® of a sensoiy 
type. . 

For the nuxst part the otocyst of young prawns reared in 
captivity has been found to be empty at all events in the first 
few stages, but this may be due simply to absence of suitable 
material. 

The opening of the auditory sac beneath the outer fold of the 
stylocerite remains very large. 


Comparison between the Development of l\ ]AiuAys and 
P. I rrxjAi{i.s. 

The larval dev^elopment of P, vnUjaris has beei. fully described 
by Faxon (1879), so that it is possible to make a detailed com- 
parison between the two species. The result is rather remark- 
able, since it appears that there is very little correspondence 
between the stages, and the larva? differ in some resjiects from 
one another move than either does from the larva of the 
genus Leander, 

Stage 1. — The larvte of P. varitins are larger at this and in all 
later stages than those of P, vxtigaru. While the latter 
has only rudiments of tlie first two pairs of legs, P, varians 
has rudiments of all legs. Otherwise the structure is the 
same. 

8tage II. — P. variana has two jiairs of swimming legs, while 
P. vulgaris has one only develojjed. In P. varians leg ^ 
is fully developed, gills are present, and pleopod buds 
appear; while in P. tmlgaris the 5th leg, gills, and 
pieopods are absent. The two larvie are in fact entirely 
different. 

Stage III. — P. variam has two dorsal teeth, and continues to 
the end to have one more than P. wlgaris. The latter 
has still only two legs and no trace of the 5th leg or of 
pieopods. P. varimis, on the other hand, has all legs except 
the 4th developed and large pleopod buds. 



DEVBLOrMBXT OF SOME BRITISH PRAWXS, 


327 


Rtage IV. — Legs 3 and 4 are small in P, varlana^ but they ai'e 
still nuliinentnry in P, tmlgaria. The latter is also less 
advanced in respect of the development of the pleopods, 
the llagellnmof the 2nd antenna, and the basal part of the 
1st antenna. 

Stage y. — The 5th leg of P, mlgaris reaches now the same stage 
of development as it reached in the 3rd stage in P, variana. 
The tiagelliun of the antenna is much shorter, hut the 
telson is narrower than in rarians. 

Stage X\ . (or V. 11). — The larva at this stage are less different, 
l>ut the legs of P. rulgaria are hardly so far <leveloped as 
those of i\ rariana. On the other hand, the jdeopods bear 
setie, which is n(»t the case in the hitter until the post- 
larval stage. 

It is clear tliat the evidence to he drawji from the larxa^ is 
strongly against the validity of the genus Palcemonetes, which, 
iiidee<l, ciiii he separated from Leaiider only hy the absence fiom 
tfie ioluh of the nuindihle palp. The ahsence of this palp alone 
is (jiiite insnthcient ha.sis for the .separation of the genus, since 
other l^ihruionida* ha\c been ili.scovered in recent years which 
lack a palp, hilt are in other respects (piite ohviou.sly not ineinljeis 
of the genus Pafcemoueles (e. g. PaUpmonetes natalis Stehhing, 
Pahtnnonopaifi Borradaile). The ahsence of the palp is simply the 
retention of a larval character in the adult. Representatives of 
the genus occur in fiesh or brackish uater in widely-separated 
localities over neai ly the whole world, l)Ut it .seems to he not at 
all improhahle that the specie.^ may have originated indejien- 
dently friuii distinct forms of the genus Leander in adaptation 
to new conditions in much the same way as Linmocahtnas 
macnrnts has been indejiendently derived from L. grhnahlil not 
only in America, England, and Scandinavia, hut even in several 
of the lakes in Sw^eden If this is true, it may none the le.ss he a 
matter of convenience to letain the genn.s as an artificial group 
of .species having dLstinct similarity of habitat and a single dis- 
tinguishing character rather than to merge tliem all into Leander^ 
w'hich is already a somewhat lunviehly and ill-defined group. 


J/df^raivre af Palaunonetes development, 

18.3<). (UxK, C. ])r, -Ann. Mag. Nat. Hist. ii. 1839, p. 178. 

1843. July. — Ann. Sci. Nat. Zool. (2) xix. 1843, p. 34, pi. v. 

fig. 78, 78 his. ik)piesof Du Dane’s figures, referreil to 
p. 37. 

1873. Smith, S. f. — Trans. Donn. Acad. Sci. ii. p. 377. F(K>tnote 
de.scrihes larva of P. 'mdgnris. 

1873. Smith, S. ]. -Rep. l\S. Fi.sh Domni. for 1871 ami 1872, 
p. 529. 

• (hmiey, Proo. hinii. Soc. xxw. p. 131, 1^23. Kktinn, Int. Ut*v. Hjtirob, 

Hydro^. vi. p. 335 (1913). 
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1879. Faxon, W. — Bull. Mas. Comp. Zool. v. p. 303. P. vulgarU, 

1880 . Boas, J. E. V. — Vid. Selsk, Skr. «at. og math, afdel. 

(6 Raekke), 1 Bd. p. 50 & p. 171. 

1881. Mayer, P.— Mitth. Zool. St. Neapel, ii. p. 197. 

1889. Boas, J. E. V.— Zool. .Talirb. Syst. iv. 1889, p. 793, Com- 
parison of north and south fonns. 

189.'!. Allen, E. .1. — Proc. Roy. Soc. lii. p. 338. Nephridiaand 
body-cavity. 

1893. Allen, E. J.— Quart. Jonrn. Mir, Sci, xxxiv. p. 403. 
Nephridia and body-ravity. 

190G. Lyon, E. P.— Biol. Bull. Wwrl’s Holl. xii. p. 23. Halio- 
tropisin. 

1912. SoLLAiTD. — C. U. Acad. Sci. Pari.s, 155, p. 12C8. S. mno- 
genilor from Tunisia. 

1914. SoLLAUD.— C. K. Arad. Sci. Paris, 158. jt. 971, Effect of 
increase of yolk. 

1919. SoLLAUW. — C. 11. Acad. Sci. I’ari.s, 169. p. 735, Influence 
of teinperal.ure, &c. 

1923, CirHNEY, n. -Proc. Zoo). Soc. p. 118. 
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EXHIBITIONS AND NOTICES. 

February 5th, 1924. 

Sir SiD\E> F. IIarmkr, K..B.E., F.H.S., V^ice- President, 
in the Chair. 

The Hecretary read tlie following Report on the Additions- 
to the 8ociety*8 Menagerie during the inontlis of Noveinher and 
December, 1923: — 

Kovemhek. 

Tlie registered a<lditions to the Society’s ^Menagerie during 
the month of November were 93 in number. Of tliese 44 were 
acquired by presentation, 16 were depo.site^l, 19 were puichased, 
11 were received in cxclninge, and 3 were born in tlie 
Menagerie. 

The following may be specially montioneil ; — 

1 Young Pigmy Hippopotamus {C/HJfropsis liheriensisX from 
Lil>eria, purchased on Novemlier 2n<l. 

1 Young Walrus {Odoftctmis from Norway, pin- 

chased on Novenilier 19th. 

1 (lrant.\s Xchra {JJf/uitff f/iiafjfja grcatti)^ from Tanganjika 
Territory, presented hy W , T. H. Hilpern on November 5th. 

1 Sable Antelope v/n/er), presented by the Lord 

Queenshorough on No^ ember 23rd. 

A collection of Antelopes from South Africa, purchasetl on 
November 23nl, consisting of 2 Sable Antelopes {ll'q^potrcujus 
niger\ 2 \Vat»er- Bucks ellq^siprt/innus), and 1 Brindled 

Gnu {Gorgon tanrinns), 

December. 

The registered additions to the Society’s Menagerie during the 
month of Decemher were 208 in number. Of these 16 were 
acquired hy presentation, 129 were dtqjosited, 36 were purcliasetl^ 
17 were received in exchange, and 10 were horn in the 
Menagerie, 

The following may be sjiecially iiientioned ; — 

1 Chimpanzee {Anthropojnthecns troglodf/tes)^ from IVest Africa, 
purchased on Decemhei* 21st. 

2 Jerboa Hats {Notoviyn mitcMli)^ from New^ South Wales, 
new to the Collection, purchased on Deceinlier 19th. 

2 Red-breasted Parrots (Pwocephalus rnJivenU'is)^ fi*oni Abys- 
sinia, new’ to the Collection, purchased on Decemher 19t.h. 

4 Cayenne Crakes {Creciectm emfenmn^is)^ from Bmzil, new' to 
the Coflection, deposited on December 27th. 
pRoc, ZooL. Soc. — 1924, No, XXll. 
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Mr. D. Seth-Smith, F.Z.S., exhibited, and made remarks upon, 
a series of photographs of Zebras. 

The Secretary exhibited, and made remarks upon, some 
photographs of a Chimpanzee and its “ nest.” 

Mr. F. Martin Duncan, F.Z.S., exhibited, and made remarks 
upon, a piece of ship’s timber attacked by Marine Boring 
Animals. 


February 19th, 1924. 

Prof. J. P. Hill, F.R.8., Vice-President, 
in the Clmir. 

The Secretary read the following Report on the Additions 
nmde to the Society’s Menagerie duiing the month of January, 
1924;— 

The registered additions to the Society ^s Menagerie during 
the month ot January wei‘e 133 in number. Of these 33 were 
acquired by presentation, 15 were dejK^sitetl, 39 were purchased, 
26 were received in exchange, ami 20 were born in tlie 
Menagerie. 

The following may be specially mentione<l : — 

1 Madras Langur {Freshtftes priHmif8\ from South India, 
received in exchange on January 5th. 

1 African Ratel {Mellirora ratel) an<l 1 Ethiopian Ant-Bejir 
(Orpcteroptis (rthiopicuH), from Abyssinia, received in exchange 
on January 25th. 

4 Blue-naped Colies {(JoUhs macrurus) and 3 Pigmy Falcons 
(Polichierax aemiiorquatns)^ from Abyssinia, new to the Collec- 
tion, received in exchange on January 29th. 


A NEW Oenus of Monkeys. 

Mr. R. I. PococK, F.R.S., F.Z.S., exhibited a series of lantern- 
slides to illustrate the chanictei’S of a new genus of Monkeys, 
Preahytiacus^ founded upon the species described by Dollman as 
Rhinopithcus avuricuhisXAh&tv, P.Z.S. 1912, p. 18). Preahytiaeua 
resembles Rhinopithecua in cranial and facial characters, having 
a small upturned nose and a long upper lip, thus differing from 
A'asalia ; but it differs from RhinopUhecm in the structure of the 
hands and feet, which have digits remarkably long, as in Naaaliay 
the tip of the hallux, when turned forwards, reaching to the 
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<listal end of the first phalange of the 2nd digit. In Itkiaopit/iecuiy 
RS in the Langurs (Pitheciia\ the digits are mucli shorter, the 
hallux, when turned forwards, not extending so far as the distal 
margin of the plantar pad. 


Mr. F. Martin Du.ncan, exhibited, and made remarks 

uj)Ou, a series of Cinematograph tihus taken in the Society’s 
<jlardens. 


March 4th, 1924. 

Dr. A. Smith Woodward, F.R.S., Vice-President, 
in the Chair. 

Dr. 1). H. Hutchinson, exhibited, and made remarks upon, a 
series of Cinematograph films of the movements of Anurha^ Volvoj\ 
VoHicdla^ Paramecium^ Pluniatella^ and embryo Herrings. 

Mr. H. C, Brooke exhibited, and made remarks upon, a speci- 
men of a “ Blue” coloured Pattus rattas. 
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15. Tlie Atmospheric ( Condition', jifc the Zoological Gnn]en>, 
Londoti, J]y IjEonaud Hill, M.B. (Loud.), F.R.S 
(From the National Institute for Medical Uesearch, 
Hainfistcad, N.W. 3.) ^ 

[Hecoived Jutiiuiry 8, 11)24: Hiad March 18, 11)21 ] 

A gre^it deal of evidence has heeii giitliered in recent years 
showing the benefit of exposure to sunshine and open-air. Cldl 
»li*enhave ht‘cn cmed of surgical tul>t‘rculosis hy pro[)er splinting, 
giKxi feeding, and exposure, under Hernhartlt and Kollier in the 
Aljw, and (hinvain at the 1*reloar Hospital, Alton, in Enghind. 

Many have followed these pioneers in carrying out this treat 
ment in different countrie*'. Children are stripped and exposed 
on ojien galleries in suitahle weather and hccoine lawdy and 
brown as n(‘groes. Argyll Canipbell a ml Leonard Hill luiv<‘ 
.shown that their luetaholisin when at rest is put up some .00 and 
even 100 per cent, and their appetite thus improved; tJieii 
muscles heconio hard and they themselves happy (*ven ivhen 
splinted and at re.st in Vietl. It has }>een sliown, moreover, that 
the rickety change.s produced in young animals, and children, by 
diet ample in energy value hut deficient in aiitiracliitic substances, 
are prevented, or cured, hy e.vposui’e to ultra-violet rays wliethei 
of the sun. carhmi arc, or merciiiy vapour lamp ( Huldschinsky. 
Hess, Cliick, and otiiers). Young i-ats, moreover, when fetl on 
a diet ample in energy value hut deficient in a principle neces- 
sary for growth, viz., the fat .soluble vitainine A, survive longer 
when exposed day after day in a suitahle climate to sunshine amh 
open-air, and their resistance to infection being so increase<l they 
show far less of that intlainmation of the eye and ear which is a 
characteristic result of this deficiency of diet, and all this in spite 
of ceasing to put on weight (Park, Powers, and Symonds). 

In Vienna, children fed on a deficient diet after the War were 
ti*6ated in hospital in two lots — one in the ward under glass and 
the other oiit-of-doons in the snnlight. Of the first lot, all 
showed, on X-ray examination, signs of rickets, while all of the 
second lot w’ere free from rickets (Chick). Experience gained at 
o|ien«air schools shows the great lienefit resulting therefrom. 
Delicate children siiflering from chronic catarrh, nervous cliildren, 
those with some trouble or poor appetite and digestive wenknes.*-, 
there alike l>ecome strong and healthy. 

While in Ne^t York there are over 1 20 such schools, in London 
there are but two or thi'ee. Smoke-pollution cuts dow n the light 
of the cities and intensifies the effect of confinement indooi*s ami 
overclothing. In the Zoo thei*e are many animals kept under glass 

* Commiiniciited by the Sbcobtaet, 

Proc. Zool. Soc. — 1924, No. XXIIL 
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which liave no access to the open iiir and sunlight. The shorter 
ultra violet rays present in high sunlight, which hare a powerful 
action on the skin, are cut oli* by window-glass, lliese animals 
are in this respect even worse off* than children w ho sometimes 
get out into the streets. While rickets is a disease produced by 
bad feeding and darkness, tuberculosis is a di>ease of domesticity, 
most prevalent in crowded, ill-ventilated, ovei-\varm dwellings. 
While well-fed animals do not hecoiue rickety, even w hen kept 
in tlie dark, ill-fed animals cm be protected from rickets by 
exposure to ultra-violet i-ays. It should, thou, he a general rule 
to give animals kept in captivity a cc(‘ss to the open-air, so that 
they can easily go in and out according to their own instinct. 
While there is no advantage in going oiit^idt^ in Muoke-fogs, in 
dark weather thei*e would be advantage in occasionally giving 
animals baths of radiant energy from ai(‘-lamps. It has been 
proved that such baths have a curati\e effect in cases of surgical 
tuberculosis as well as of rickets, it has been s1k>wji that wounds 
heal well when the wounded are treated in open verandahs; the 
w’ounds are benefited when given light-treatment. 

L. Colebrook, A. Eidinow, and ijeonard Hill ha\efoun<1 that the 
bactericidal power of the blood is put up to a signilicaiit extent 
shortly after an exposure of animals to ultra-violet rays. To get 
this effect the animals are shaved over an area ami this area .so 
exposed that erythema results. 

As stated above, young rats on a diet <le(icient in vitaniine A 
live longer and sufier less from infection when exposed to summer 
sun and open-air in a genial fine-weather climate. ITtra-violet 
and light rays produce a flushing of the skin and increase<l 
('xudatioii of lymph followe<l by desfjiiamation and pigmentation. 
The last cannot take place in albinos, and such withstand 
exposure to the strong sun l)a<lly. Whit(*-furred animals are 
not necessarily albinos, many have pigmented skins beneath their 
fur and are most suitable for living in tropical climate, as the 
white fur reflects and scatters light and tlie pigment prevents 
the blood and subcmtaneous tissues being hurt by the rays 
which otherwise would penetrate to them in excess, l^ight acts 
on the naked parts of the faces of furry animals, e. </., the 
lips, nostrils, conjunctiva, ears. Tiie effect of light is miti- 
gated and controlled by cutaneous pigment. Thick hides, such 
as that of the elephant, must be unaffected by light, excepting 
a possible sterilizing efiect acting on the very surface. While 
ultra-violet i*ays have very little penetrating power and are 
absorbed by the outer layer of the skin, visible rays penetrate 
to the subcutaneous blood-vessels of thin-skinned animals such 
as man, and w^arming up the blood locally have a beneficial 
effect. 

While the skin is exposed to the insults of the world and has 
the power of resisting microbic invasion, adequate stimulation of 
the skin by sunlight is of great importance in keeping up this 
immunity. In the cases of rickets, exposure of the skin to the 
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notion of the ulti*a-violet rays stimulates better absorption of 
halts of calcium and phosphorus from the bowels, probably by 
limiting microbic fermentation therein. 

Just as children with lupus are exposed naked to a large carbon 
arc, sitting in a circle round it, so small animals might have a 
circular arrangement of esige with an arc in the middle, a circulnr 
path being arranged for visitors outside ; to give red radiant heat 
in phice of dark heat from hot-water pipes, a circular gas-fire might 
he placed in the middle, hut thearc is l)est. Then, with the animals 
warmed liy radiant energy, an adequate circulation of cool air could 
ho mainbiined through their houses. Radiant energy, which pene- 
trates to, and warms up, the subcutaneous blood, is better than 
dark beat which warms the surface of the skin. The use of hot- 
Tvater pipes, aithongli economi«il, entails a low ventilation rate 
and stuffy warm-air conditions which increase catarrhal infection 
and pneumonia. 

The breathing of cool air lias a most important efiect in 
keeping up the defence of the respiratory membiime against 
catarrhal infections and tuberculosis. The exhaled air is warmed 
up alinovst to body- temperature and saturated with moisture. 
It bolds about 40 gin. of water per cubic metre. Air at (PC. 
holds, when saturated, only 5 gm. of water. Thus every cubic 
nif'tre breiithed of such cold air takes away 35 gm. of water. W'arm 
moi«t air takes away half or less this amount. The wanning ami 
satumting of cool air entails a i*apid flow of hlotnl lymph and 
secretion through the mspinitory membrane, and this keeps it 
clean and in cool condition, ('atarrh and pneumonia are spread, 
not by exposure to cold, for Arctictmvellersand such-like expensed 
to extremes of cold — hunters and open-air workers — do not suffer, 
but 1o crowding in stagnant w'arm humid atmospheres wliere in- 
fection from mouth and nose of can iers of catarrhal complaints is 
massive. Experience at sanatoria shows that wlieii had weather 
confines patients within doors at the time of visitation of an 
influenza epidemic, more chest complications occur than when, 
'under such visitation, they are out of doors. All cases of pneu- 
monia and acute fever, the wounded, and mental eases do much 
better treated in open-air vemndabs than in hospital wards. 

Exposure to the cooling power of the open-air, while raising 
the basal metabolism, excites muscular exercise, deeper breathing, 
a better circulation, more active digestion and appetite, and 
j)revents constipation. It thus promotes general good bealtli. 
At the same time, exposure must not be excessive or go beyomi 
the power of the animal to keep warm by increased l>ody-heat. 
production. !6ig animals, owing to their large bulk and relatively 
small surface-exposure, withstand exfK>sure to cold, while small 
warm -blooded animals have to seek the protection of nests and 
live a communal life, keeping each other warm in clusters. Thus, 
three or four pregnant tame mice, kept in the same box. will make 
a common nest and fill it with two or three dozen young mice, w hich 
prolmbly share in a communal milk-supply. Rats on a cold day 
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beamse of the full exposure to wind. Thus tlie mean montldy 
range neai’the ground in a sheltered court in Loudon was 
against 21-40 on the top of Kew Observatory. Most animals 
slielter themselves from wind and get into lairs at night. The 
cooling powers to which they are naturally ex posed are then much 
lower than the above. The following l eadings, tjikcn during the 
tlay in various parts of the world, show what is more like the 
range to wliich most animals are exposed at times. Sea-bird 
and Arctic and mountain warm-blooded animals are exposed to 
very high cooling-powers. 

As will be seen on consulting the tables given below in the 
Appendix, low cooling-powers and general monotony of conditions, 
are noticeable at the Zoo in the small birds' house, the reptile 
house, the apes’ house, and the hippopotamus house ; the readings 
closely resemble those found in many factories which are kcj>t 
over-warm, stagnant, and monotonous. 

During Marcli, April, and Ma}" the water-pipi?s were heated in 
the antelope liouse, and yet the cooling powers and iempeiatiu-es 
were about the same as in the deer and cattle sluals wdiicli weie 
nnheated. The suggestion arises, therefore, that the artificial 
heat was wasted and might be discontinued — at any rate, dining 
such a period as that observed. 

The range of cooling- powers is much too lo\v in the Sanatorium 
and Operatinir Theatre at the Zoo. 

The suggestions made, as the result of tin’s eiKpiiry, are (1 ) tliat 
radiant heat and cool air might he tried in jaeference to the 
present plan of heating air anil making it humid and monotonous 
by shutting up houses and liea ting with hot-water pipes ; (2) that 
animals from warm countries liave, as far as possible, clioice given 
them of going in and out of the open-air. This has already been 
given with sucxjcss, so the Superintendent tells me, in the case of 
some of the higher apes. 

The author is indebted to Miss M. Brad for lier careful taking 
of readings and to Drs. Clialiners Mitchell and Yevers for making 
the enquiry possible by their kind co-operation. 


APPENDIX. 

Exolanh. 


Hvll, Jan, to Junc^ ont of-doona 1) a.m. 



Cooling 

Tniijxnaturc ” F. 


r 

Dry kata. 

W(‘t kata. 

f 

Dry liulb. 

Wet bulb. 

Warm, bright .. 

7-12 

22 -34 

65-66 

hiy-m 

Cool, bright . . . 

16-21 

2S-41 

49-60 

42-46 

Cold and bracing . . 

14-2)1 

82-49 

42-44 

87-42 

Cold 

26-31 

o3-eJl 

38-47 

«5-4:i 
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Egypt. 

Cairo. 


Cooling PowtT. IVinperature ® F. 



f 

^ 


^ 


Biy kata. 

Wet kata. 

Dry hulh. 

Wet hulh 

Close and ojipressiv e 

U-5 

ll-l«i 

70 IK) 

65-78 

(’ool 

ti-9 

11 2t 

68-02 

51-67 

Hot wind,v . . 

3-0 

24-3t 

91-96 

58-85 


On Ho’^e <la\ •<, lf)\v <lry and wet kata readings and so heat loss h> eouvection and 
evapomtion dttlieult. 

Ceylox. 

September. 


Cooling Power. Teinj>mitiire F. 



1 ) 1*3 kata. 

Wet k.ita. 

1)1 y hulh. 

Wei hulh 

On a vevaudali 

1-2 

25 32 

81-89 

77-79 


As in C.ni<i on !iot \\ind.\ days, \ei.\ lovr dry hut liigli wet kata readings, so heal 
loss iiy evaporation eas^ . 

J XDl A. 


Labor*\ Open peadin^s t<aken under a meteorological conictil 
loof at 10*00 lirs. tor year 1921. The Free vertical movement of 
air was coiifinevl by roof. 







Wind- 

velocity. 


Coolniu 

Power. 

'I'enn). ^Mean) ^ F. 

m.p.li. 


■ 

' ^ 

, ' 

— 

0872 - 

Months. 

Dry kata. 

Wet kata. 

I)r 3 hulh. 

Wet hulh. 

1920.) 

lK»c., Jan., Feh, 

7*1 -8*9 

2Pl-26*ti 

09*0 76 7 

r)5’3-«0*0 

0*9-1 *0 

Mar., April, May,. hint. 
.July, Aug., Sept. 

j*~2*3-l*4 

12*7-20*4 

9U*1 1118 9 

64*9-81*7 

1*5-2 6 

Oet., Nov , 

2*1 -1*0 

17 7 18*7 

80 3-88*9 

01*0-70 o 

0 9-1*1 


ArSTllAI I A. 

, . f 210 miles inland from South Coast of Australia. 

1 4-20 East 

()28 feet above sea-level, within 40 yards from Billalong C^ieek; 
(*xtensive plains with belts of timber here and there. 

Cvioling Power. Teniperatui'e '' F. Wind- 

No. of /> '■' ^ ' , velocitv. 

Months. Ohs, ])ry kata. Wet kata. J)i 3 ’ hulh. Wet l>u]h. ni.]>.h. 
Sept. 5 100 16*5 20*0-281 63 64i 44-6;U 2-0--' 

Oct. 2 8*8-170 23*5-3.V« 63-«.> 4(>-53i 1*18 3 0 

Nov. 2 P3-9*7 18*6“3<»‘2 7« 8(‘i 6;U 86 10-4*11 


* The — sign signities that the dry kata hud to he eooledhelow 95'^ F., and iterate 
of W’annuig up from 95-100*' F. w«h determined in iiot weather instead of its rate of 
eiMding down. 
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(>AL1F011NIA. 


Month**. 

A u;?.. Sept., Oct. > 

N ov., Dtic., 1922. ) ‘ 
Jan., Feb., Mar.. 1923. 


Jhtrli7igant>^ 9 a.m. 

Ooolinjr Power. 

Dry kata. Wet kata. 
HI 12 9 20 2-21-2 

13-8~U6 2,Vl-2or, 


Temp. " K. 
Diy bulb, 

llA-OU 

30 r>2A 


Wiml- 

\eloeit3\ 
m.p h, 

•5-*9 
*9 1 7 


Months. 

Aug., Sept., 1922. 

Dec. 1922, Jan., Feb., 
Mar., Apr., 1923. ) 


On a (lay in 

Feb., Mar., April, June, 
Oct., Nov., Dec., Jan. ) 

Jul.N 


nillTISn Con MB1\. 

East Keloiriia^ 9 a m. 

(’ooling Power. 

Di.v kata. Wet kata. 

<{•2-9 3 19 8 21-3 

1 2-5- 15 5 25‘7 3< )- 1 

South Afuh a. 

J ohan neshunf, 

(‘oolinjcr Power. 

I)r^ kiitu. Wet kata. 
9-17 28i-51 

23 45 



Wind. 

I'emp ' F. 

xebKMty 

Dr\ bulb. 

m.p.b. 

021 -05 

0*2 -0-3 

31 57 

0-01-7 


'IVmp. ' F. 
Dry Imlb. 

51 75 


15 


Hot weather 
Pleasantly warni . 
Pleasantly cool 
Chilly . . . 

Raw, eliilly 
Sunin, cool, bracing 
Ver^ cold .. 


1 Balkans. 

CoobiijL: Power. 
Dr> kata. 

J C 

5 8 
8-12 
12 II 
11-20 
l<».i-lHi 
23 39 


Tein)»erature C) F. 
77-89 
<{7 Ml 
97 73 
57 -97 
32 52 
25- 14 J 
30-11 


SwilZEnLANH. 


Davos, 


January 

C'()uliii;r 

( 

Dr\ kata. 

22 

Powei. 

Wet kata. 

44) 

TtmptiatHH' ^ C. 
Dr> bull). 

~5-($ 

Willi!. 

^el0Cll>, 

ni.p.b. 

PI 

March 

22 

44 

1*4 

31 

May ... . 

19 

39 

JI-0 

3-4 

July 

15 

37 

14*9 

3‘9 

>5ept 

17 

38 

11-0 

3M 

Xo\. . . . 

21 

41 

-2-3 

1-il 
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FACTORIES, etc. 

Taken from thoiibiuxlK of reailings. 

o 

SoiTTii Africa. 


Johanaesbury, WJiite Theatres niul Ciiieiaa Halls. 



('oolnig Power. 

Temperature K. 

- A. _ 

Wind- 

\t‘li)city 

m.p.h. 

March 5~15, 1021 ... 

lii\ kaU. Wi't kattt. 
10 Ik 22 

^ 

l)i\ hull). 
07-76 

W. t hull). 

Jitn. and Feh. 

1 nside 

Outside 

yataL 

3 5 12 23 

4-12 lJl-33 

.SO 92 
70-86 

70 78 
Ok-70 

-- 


Uainl Mines* 



♦Workinjr phKfh 

2-5 H 10 

05-87 

01-86 

— 




Kncland. 





a 

/«/ S/ioe Fariories* 



Winter ainl Smmner. 
Mean ohsenations 

6 7 

17 21 

56-67 

- 

0-3 C^ o 


J*riniiny If or A- j? 



dan.- April 

June- July, warm 

5-6 

16-23 

65 72 


UT'O 6 

weather 

1 6 

13-16 

67 84 


0-1-1 *5 


( *o((otf^}Veavhiy 

S/fftls, 



Mean Oli^ervations, 
Winter 

4-0 

13-18 

65-74 

62 71 

0*3 -0 k 

Snminei 

4-5 

12 17 

72-77 

63-73 

0*2 O-o 



I.afutdrirn, 




iland^ivoning ronni 

2 7 


69-86 

- 

0*2 -1*6 

Calender-nami 

lJi-6 

— 

70-63 

— 

0 1 4*7 

Lanje Steamers on Amencatt liOide. 


Dyniimo'room 

0 7 

H-28 

77-103 

65—8 1 

0-9-2-3 

3rd Class (*uhins 

4-5 

12-16 

73 

({6-07 

0*t)-0*3 


StHfjmnit o\<*r-wiinn eoudition**. 


• Woikirig etticiency of natives in places with lowest cooling:-}>o\ver 50 inn* c<‘nt 
lielow that in places with highest cooling-|»ower. 
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IN OPEN AJB, ZOOLOOIOAL GARDENS, 
LONDON, 1923. 

Coolinp: Power. Temperature F. 



Ko, of 





Itlnck Fuiv 






Monti). 

Obs. 

Dry katii. 

Wet kata. 

Dry bull). 

Wet bulb. 

c F. 

March 

3 

10*4-]8-0 

30*4-37‘8 

52*0-68 0 

60-09*8 

62*7-86*7 

April 

14 

9*4-23 7 

25*1-46*3 

4.*V0 -6H‘t> 

40*2 (U) 8 

50*0-82*5 

May 

o 

o’5-lo*3 

2*2*7-32*6 

6f)*8-77*U 

52*7 66.3 

67*7-09 

June . 

1 

a*3 

23*6 

75*2 

6 IT) 

118*1 

August 

i) 

4-6-8-S 

17*2-31*3 

75*2 81*2 

01*.)-70 

83*1-99*5 


Small Birds’ Holsil 



No. of 
Ohs. 

Cooling 

Power. 

Tein])oratuie ‘ F 

Dlaek Fur, 
F. 

Wind- 

veh)Cit\ . 
tti.p h. 

Month. 

r 

Dry kata. 

Wet kata. 

Diylmlh. 

Wet hiilb. 

March 

3 

6*{?-6*0 

18*1-21*6 

68*0 70*0 

5K-1 59*8 

70 0-72*1 

0 6-0*9 

April 

11 

5*6-7* 7 

15 8-23T) 

57*3-68*0 

5 1*0 i;2 7 

59 7-717 

(>•2-0*8 

Ma\ 

n 

J*0-7‘6 

MO- 19 5 

61*5 76*2 

58*1 -66*3 

66*3 79*0 

0 3-0 7 

June 


4*8 

1 t'S— 15 4 

71*7 72*5 

62*7 -63 5 

7,V2 77*8 

0 2-0*3 

August 

i\ 

1 1-6*3 

15*1-17*." 

71-7-80-7 

62*7-66 3 

/ 5*2 82 o 

0*3- 1*0 




Kepiile ilorsE. 



March 

o 

5*o-5*0 

16*5-17*3 

68*0 

59*8-60 8 

7o '» 

0*2 -0 1 

April 

a 

4*9 -()*5 

14*5 19*0 

66*3 7o*7 

56) 1-61 1 

6H’i) 75 .*) 

0*2 '0 5 

Mil} 

4 

3-7-5-0 

11 3-19*6 

71*7-70 0 

r»0 8-(58O 

73*8 8.*rt 

0*3-0 7 

June 

o 

37-5*3 

1 1*4-18*7 

75 2-79*7 

61*5 (W'O 

77*1 81*5 

0*1 0*7 

August 

7 

2*4- 1*9 

12*0-16*4 

77 o-b6*0 

65 4 73-0 

81*0 89*7 

0*2 0 7 


Ate House. 

(Hot-water pipes witli troughs of water on tlaaii.) 


March 

2 

6*0-61 

17*4-18*9 

68*0 

590 

61*6-(t8*0 

0*3-0* 1 

April 

13 

4*8-8*2 

17*7-23*2 

01*3 71*6 

53*8-62*8 

65*3-73*5 

0*2-1 *0 

May . 

4 

41-70 

17*3-19*8 

66*3 '77*0 

67*3 65*3 

68*0-79*5 

0-3-0-6 

June 

1 

4*4 

15*9 

75*2 

63*5 

73*5 

0*3 

July 

5 

3-4-0-3 

13*0-15*1 

71*6-80*7 

00*3 707 

77*(> 83*3 

02-0*5 


HiproroTAMt/s Hoi se. 
(Heatetl hy hot-water pipes.) 


March 

1 

7*1 

18*7 

64*5 

65*5 

6, *1*3 

0*5 

April .. . 

12 

6*2-8*5 

15*5-22*5 

65-6-640 

50*0- tK)*8 

57*3-63*3 

0*1 0*4 

May ... 

4 

45-8*3 

16*6-22*0 

60*8-76*2 

53*7-66*3 

62*7-79*0 

0*4- 0*9 

June ... 

1 

6*0 

14*8 

71*6 

62*7 

74*5 

0*:i 

Auguft 

6 

3*3-6*4 

12*7-170 

75*2-82'6 

61*5-70*7 

76-2-850 

01 o*ti 
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Antelope Ilorsi:. 

(Hen ted ; open to paddock.) 


Cooling Power. Teinpcraturo ^F. Wind- 



>10 of ^ 

.V ^ 

f 

^ 

Hlnck Fur, velocity. 

Month. 

OliK. Dry Kilt a. 

Wet kata. 

Dry hulh. 

Wet Imlh. 

"F. 

m.p.li. 

Mim-h 

1 0-U 

23*5 

64*0 

62*0 

62*1 

1*1 

April 

a 

177-310 

oO*6-64*5 

44*7-59*0 

62*14-68*3 

0*5-l*4 

May . 

:i o-3-l)*3 

21*9-26*3 

6F5-77H 

66*4-66*3 

06*3- 79*2 

1-1-1-8 

June 

4o-0T. 

14*9 19*7 

68*0- 73*0 

09*0-62 7 

70*8-70*7 

0*3-<r5 

Anp.ist 

(5 3-0 7*2 

14-1-23-6 

73*5-85*2 

64 5-70*3 

75 2-88*0 

0*4~1‘5 


J)EEll AND C‘A'1'1LE iShEDS. 

(Open to paddock ; no ariiticial heat.) 


April 

6 7*9 12-3 

18*8 2L7 

46*4 57*3 

41*0-52*0 

48*2 60*8 

0*3-11 

May 

5 7*<M»o 

20*0 22*1 

61*0 79-0 

54*0 65*3 

W3-80'7 

0‘8-2*9 

J line 

1 5*1 

19*4 

73 1 

64*5 

78*0 

0*6 

AugUHt 

7 2*7-6 4 

13*8 20*1 

73*4 86*0 

(}2 7-71*7 

79*0-89*7 

(r5-r4 


Ranges of Figuiiks i> vabiofs other Hot ses. 
Mnicli, A [nil. May, June, and Anf»ust. 



No. of 
Ob'*. 

Cooling Puwi'i. 

I)»> Kata. Wet kata 

Tcmi>fiatuie F. 

Di> hulh. Wet hulh. 

Wind. 

\ eloei ty. 
m.)».h. 


Monkev > 

i«j 

6 5 

18-23 

67- (91 

50-59 

0*2 -0*6 

S (’mil weather. 


31 5 

13-17.i 

68-90 

61-71 

^ Warm weather. 

TortoiM' 

7 

4-7 

14-20 

64 1-75 

60-66 

0 3-07 

Cool weather. 

Lion ) 


1 8 

14 22 

59-79 

62 57 

0*3 1*0 


.. 1 

13 

26 

52 

46.1 

1*1 

On one oeeaiioii 

Parrot 

5 

6 8i 

10[ 20 

521-70 

48-61 

0*2'-0‘6 


I nsect 

16 

4-71 

Il-I8i 

61 75 

62-66 

0*1 0*6 


Small Mammal. 

10 

4-9Ji 

16-224 

60-75 

46 69 

0*2-06 


Small Cat-lioiisf 

12 

4i-ll 

15-27[ 

55 "73.1 

50-621 

0 3-1*8 


Klrphnnt 

15 

6 9i 

l(V-24 

56-72 

461-654 

: 0 2-0*7 


Kodent . . 

12 

3 n 

11 20 

57 81 

51 70 

, 0*1-0 6 


Sanatorium 

11 

2-6 

12-16 

68 iH) 

57-70 

' 0*1 0*8 


Operating 

theatre , 

4 

21-4 

13-16 

69 82 

56-71 

' 0*1 


Small birds" 
(outaido cage). 

26 

6i-20i 

21-37 

46^-80^ 

39-67 

® 0*l-3*2 






NOMINA CONSERVAKOA IN MAMMALIA. 


345 ^ 


1C. Nomitiii Conservandu in Mainmaliu. By Olofikj.u 
Thomas, F.R.S., F.Z.S., ami othor European Main- 
nialom’sts. 

[lioceived Ki*hnmrv 13, 1924 : Head April 1, 1924.^ 

For various reasons the list of proposed Nomina Conservanda 
in Maninialia, published in the ‘ Zoologisoher Anzeiger* for 
I ill 4*, and submitted formally to the Nomenelature Commission 
in Washington, has never been a<ljudioated upon. The names, 
tlierefore, leinain more or less in doubt, to the very great incon* 
venienee of working mnnimalogists, although the inconvenienee 
has Ihmmi modified by a fairly general agreement that until 
judgment is given the “ Fiat names shall continue to be used. 

It ap[>ears to us, however, that it would now be a great 
practicid eonvenienee to inamnialogists in general if the names 
were again to be published in some such well-known periodical 
as the ‘ Proceedings of the Zoological Society/ wliere they would 
he readily accessible to all ^\orker^. 

W’e are unauimously agreed as to the advant^^ge to he gained 
hy the fixing of these names, every one of which has been most 
carefully considere<l, and we hope that in <lue coui*se they will 
be formally accepted by the Commission. Full reasons for the 
use of them have been submitted to the Commission, and need 
not liere be repeated, es]>eciallY ns they are widely known to all 
mamnialogists. Hut a bi ief note on eacli is appended. 

W^enow tlierefore publish the following list of them, and desii’e 
to express our intention of continuing to use them whencvci' 
occasion may arise. 

1, AxTiinoPoriTUEcus. 

To 1 ms used for the C/dumpanzees imstead of or Pan, 

whose application to these animals is quite unknowui to incist 
naturalists. Genotype : A. liiffer Geoff. 

2. Cercopithecus. 

For the ** Guenon monkeys of Africa, wdth genotype Sivtia 
mona Schr, 

The attempt to use Cer^opMecus for the Tamarinsdepenrls 
only on Gronovius, a doubtfully binomial waiter, and it forms 
a tmnsfer case of the very worst type. 


• Vol. xliv. No. «, p. 281, May 19, 1911. 
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3. CUIROMYS. 

For the Aye- Aye. Genotype : *S*ciaras marlagascariemin 
Gxnel. 

Daubentoiiia, which has priority, is almost unknown to 
general writers, to whom this morphologically interesting 
animal is always known as Chiromys, 

4. CCELOGENTS. 

For the Paca. Genotype: Mas paca Linn. 

Agouti and Cankulus have been applieil to the Paca, but 
both names are known, either as vernacular or technical 
terms, in connection with other animals, and the use of 
either of them for the Paca is most confusing. 


Ty , Dasypus. 

For the 6-banded Armadillo and its allies. Genotype: 
Dasypus sexcincUcs Linn. 

By strict law Dasypus^ which has been invariably applied 
to the true Armadilloes, should be shifted to the Tatous 
{Tata), a most confusing and objectionable transfer. 

*6. Dicotyles. 

For the Peccaries. Genotype: Sas tajara hmn, 

TayOiSsu is scarcely kuowm, and its genotype b'^ no means 
absolutely certain. Much confusion has arisen from the use 
of this name, and the well-known term Dicotyles should be 
retained. 

7. Echidna. 

For the Spiny Anteiiter of Australia. Genotype : Myrnie- 
cophaga acvleata Shaw. 

So universtilly known as the name for the Spiny Mono- 
treme that any attempt to get Tackyglossvs used by geneml 
writers is doomed to failure. Echidna would liave to be 
withdrawn from Ichthyology, but workers in tiiat group 
state that this would cause no difficulty or confusion. 

3. Galeopithecus. 

For the Philippine Flying Lemur. Geiiotype: Lemur 
volans Jdnn. 

Cynocephulus is technically applicable to the Flying Lemui*, 
a particularly objectionable transfer of a name w^ll known 
in connection with the Baboons. 

9. Gazella. 

For the Gazelles. Genotype ; GazeUa dorcas Linn. 
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10. Hapale. 

For tbe true Marmosets. Genotype: Simia jacchm Linn. 

The transfer of Callithrix from the Titi Monkeys {CaXti- 
cehua) to t}ie Marmosets is highly confusing, and that name 
.sliould be discjirded altogetlier. 

11. Hippotragus. 

For the Sable Antelope an<l its allies. Genotype : Autilope 
lemophiBa Pall. 

The wholly unknown name Ozanna lins technical priority 
over the fiimiliai* Jlippotragns, which slionld he retained. 

12. LA(3inirM. 

For the Mountain Chinchillas. Genotype: Lagidium 
p**i'ua HU m M ey ei i . 

Instead of Vizcaccia^ which, Inking the well-known ver- 
nacular name of the Argentine Lagosionntff^ is most unsuit- 
able. 

] Vi . Mana'its. 

For the Manatees. GenotvjK?: Trich^chus manatus Linn. 

The use of Mamitus for the Manatee§ is familiar to all 
zoologists, while the transfer of 7'richcchus from the Walrus 
to these animals is most ohjectionable. 

14. Nycteris. 

For the African Hats usually so called. Genotype: Vespei'- 
tilio hwpidus Schr. 

Technically Xycteris^ well known for these African bats, 
would have to be transferred to certain American bats 
coniinoiily known as Lasha'^ts. This tmnsfer also affects the 
Family name Nycteridje. 

15. Rhytina. 

For Hteller's Sea-Cow. Genoty|>e: Jfanati gigas Zimm. 

The priority name Hydrodamalis is almost unknown to 
writers of any class. 

16. SlMlA. 

For the Orange. Genotype: Simia satyr ns A net. me 
Unn. 

Specific name salyrus to he fixed as well as generic, the 
otiginal Simia satyrus Linn, being a Chimpanzee. 

The objectionable name Pongo is the technical alternative 
for the widely, indeed universally, used Simia, 
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17. On tho Anatomy, Physiology, and Pathology of the 
Orang-Outan. By Chaklks F. ISoNNTAii, M.l)., Oh. B., 
Anatomist to tlui Society, and Demonstrator of Anatomy, 
University (‘olie^^e. 

[Ri'CtMvcd Kubruury 2, 1924: Head Fchruai*} 19, 1921.) 

(Plates Texi-figurejs 1-30.) 
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iNTnoDCTCTlON. 

Although nuich has been written about tlie anatomy of the 
Orang, no tJOiiiplete aceu\int of the structure of one animal exists. 
The fullest accounts hitherto published (.leal very fully with 
cei taiii systems, but other pai’ts were omitteil becuiuse they were 
badly diseased or for some other reason. Many papers deal with 
the structure of small jiarts, but the organs wliicli l>lay veiy 
important parts in the animal economy, namely tlie joints, blood- 
vessels, lymphatics, ductless glands, and vagus and sympathetic 
nerves, Jiave nob receivecl the attention which they deserve. 
Moreover, Sir Arthur Keith (42) points out that “there is not to 
be found anywhere in literature one complete account of the 
iiiuscular system of the Orang.'^ It is therefore evident that a 
detailed account of one animal is necessary to serve as a “type 
description’’ with which future work can be compared. 

The animal on which the present account is based wiis a young 
female Bornean Orang which formed part of a collection of 
animals from Malaya presented to the Society hv li.R.ll. The 
Prince of Wales in May J 922. It died on duly 7th, 1923, from 
a ruptured cerebral artery, j)ossihly the result ot a fall. All the 
viscera were healthy. (Jomparisons weie m.ule between it and 
several Gibbons, three Chimpauzeos ($ 2 cf ), and parts of a 

• For explamitiuu of tlu» nato««, see p. 450. 

Piioc. ZooL. Soc.— 1924, No. XXIV. *24 
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(iorilla Avhich Sir Arthur Keith kindly presented to mo. The 


lueasureiiieiits of the body were as follows : — 

Inches 

Length from inion to anus 15‘r> 

,, ,, acromion to external humeral condyle 

„ ,, condyle to lower end of radius 7*25 

„ of hand (carpus to root of middle digit 3*25, 

middle digit 3*75) 7*0 

„ fi'om great trochanter to centre of }>atella 5*0 

„ „ centre of patella to lower end of tibia 5*25 

,, of foot (sole 3*25; mi<ldle digit 4*0) 7*25 

Excess of forearm over arm 0*75 

,, ,, upper extremity over low er extremity 2*H0 

Eolation of hand to length of upper extremit\ >25'^'/^, 


The Muscflau Svstfm. 

If sdcs of the Head and, 

'V\\o ])Jatf/}<nia nii/oides (text-hg. 1, Pla.) in this animal consists 
of a central and tw'o lateral jiarts. The lormer avis(*s irom the 
ia.'-cia. o\or,the inner ends of tlie two pcctoi alis major muscles, 
and t he latt(‘r arise from the fascia over the ujiper ])arts ol tla^ 
aims, the slioulders, and tlie mid-dorsal lji)(M>f tin* neck. Ectwecii 
tlie central and lateial parts aie tiiangular spaces conlainnig hit. 
Tlieie is a mai ked decussation of libics below tht‘ s\njpli}sis 
mi'ijii. Some li)>r^‘s are attached to the lower bordm- ol tht‘ 
mandible, .and otheis pass into the face to blend with the muscles 
of the lips a,nd angle of the mouth. Some libiesend over tlu^ 
masseter. Ko sphincter colli is present. Euge (62j liguiis an 
Ol igin extending from the mid-Aentral line across the pectoialis 
major, deltoid, and trap(‘zius to the mid-<]oisal line, '^l he origin 
IS also extensive in the Uibbons, hut it is mori‘ restricted in tlu^ 
(diimpanzee, Gorilla, and Man. The conditions in the t)rang are 
as in many low'er Alammalia. There is, however, no other trace 
ol the panniculns carnosus. 

The trianyularis (text-lig. 1, ^V/.) is well defined, hut small. 
The risoidas is not difierentiated as a separate muscle. 

The orhicidaris oculi (text- fig. 1, OumOc.) is relatively larger 
than in the (Jliimpanzee, for the orbital part covers wider ureas 
of the hones bounding the orbital ap(‘rtiire; and the fibies are 
more closely packed tlian in the Cdiim])anzee. The whole muscle 
is considerably bulged forwards by the pnomineut eyeballs, 'i’he 
attachments of the orbital and paipebial parts aie as in the 
Gliiinpanzee and Man, but these parts cannot be separated from 
out? another. There is no marked ciliary bundle, and no slip runs 
to join the zygomatic mass. In twn Ohimpanzees such a slip 
was found, hut it was absent in a third aiiiinal. Euge (62; 
figures a small orbitalis. The narrow, cord-like internal tarsal 
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ligament is buri-eil among tlio muscle fiiiros. The palpebral part 
is pierced by libras of the levator palpebrje suparioris. 

IMie z}j(jotn%tic mass (text-iig. 1, Z.M.) is not split up into 
distinct component parts, though the fibres are not very close 
together. Its linear origin runs <lo\vnwards and bac;kwards across 
the malar hone and anterior lialf of the z^^goma. Tt is insertcMl 
into the (jrbicularis oids au<l skin of the upper lip close to the 
angle of the mouth. Jn this aniiual it is stronger than in Huge’s 
sjieciinun, but it is weaker than in three Chimpanzees examined 


Text-figure 1. 



by myself. Perhaps it presents many individual A^•lriations in 
the Orang as in the Ciiini])anzee. In one Chimpanzee 1 saw that 
the origin was linear. 

The levator labli superions (text-fig. 1, LEV.LAn.8ur.) lies 
partly under cover of the last muscle, from which it can be 
distinguished by its closely-set, reddish fibres. The oiigin, 
insertion, and relations are as in the Chinipaiizee, and the inner- 
most fibres form a levator ake nasi. Huge (62) figured iiloiitical 
conditions. 

24 * 
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The levator angvli orte (text-fig. 2, Lkv.Ang.Oris) in iny 
specimen, as in Rage’s, is very powerful. It arises as in the 
Chimpanzee and Man. It blends with the orbicularis oris in the 
upper lip and at the angle of the mouth, and some fibres are 
inserted into the fascia over the buccinator. The Orang has 
thus a poor zygomatic mass and a large levator anguli oris, but 
the reverse is the case in the Chimpanzee. 


Text-figure 2. 



The deep nmecles of the face and the structures related to them. A.F.V., anterior 
facial vein ; F.A., facial artery ; I-O.P., infraorbital nerve plexus ; L.G., 
lymph glands : P.G., parotid gland ; S.D., Stenseu’s duct. Other letters in 
text. 

The orbicularis oris is as in the Chimpanzee and Man. 

The depressor labii inferioris (text-fig, 2, Quad.Lab.Inp.) arises 
from the lower part of the outer surface of the mandible. It 
courses as in the Chimpanzee, but it does not touch the masseter 
behind. 

The hmdmior (text-fig. 2, Buc.) is covered anteriprly by the 
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caniniis and posteriorly by an immense suctorial pad of fat (S.P.F.). 
It is relatively shorter than in the Chimpanzee, but its origin, 
insertion, and relations are as in the latter. The fibres do not 
decussate. 

Aurkular Muaclea (text-fig, 1): — In this animal, as in Euge’s 
specimen, there is a superior auricular (Aue.Sup.) and an auriculo- 
occipital (Auii.Occ.), No tragicus is present. Perhaps the 
examination of many specimens will show that they are variable 
as in the Chimpanzee. 

Nasal Muscles \ — 1 agree with Euge that these consist of a 
levator alw nasi running verticiilly and a nasalis running trans- 
versely. No depressor septi nasi is present. 

Tiie masseter (text-figs. 2 & 3, Mas.) is relatively more 
powerful than in the Chimpanzee and Man. It consists of the 
usual superficial and deep parts, but there is not a strong apo- 
neurotic slieet between them. No sheet is present in the Gorilla 
and Gibbons, but it was well marked in three Chimpanzees, so it 
appeal's to be characteristic of that Ape. The superficial part of 
the masseter (S.P.M.) arises from the lower border of the malar 
bone ami the anterior two-thirds of the zygoma ; and the fibres, 
whicli are more curved than in the Chimpanzee, are inserted into 
the lower boi’der and a small part of the angle of the mandibular 
ramus. The deep pjirt of the masseter (D.P.M.), arising from the 
<leep aspect of the malar bone and the entire length of the 
zygoma, is inserted into the upper two-thirds of the anterior half 
of the ramus of the mandible and the coronoid process. It has a 
rich blood supply, the arteries reaching it round the anterior 
and po.sterior borders of the ramus and through the sigmoid 
notch. Tlie transverse facial vessels are smaller than in the 
Chimjwinzee. 

'I'he temporal muscle (text-fig. 2, T.M.) in this very young 
animal arises from a convex line on the skull, whose upper limit 
is level with the upper bonier of the orbit. Posteriorly the 
oi*igin reaches a little behind the auricle. It also arises from the 
temjionil fossa and temporal fascia. At the origin the fibres are 
thin, but the muscle thickens as it passes behind the malar bone 
and anterior part of the zygoma to be inserted into the borders 
and apex of the recurved coronoid process as in the Chimpanzee, 
it receives its blood supply from the two deep temporal bmnches 
of the internal rnaxillHry artery. One artery is nearly three 
times as large as the other, whereas they are equal in 
the Chimpanzee. Numerous authors have described how the 
muscles become larger and stronger as age advances, till they 
are separated on the vertex by a narrow interval or a sagittal 
crest. 

Pterygoid MubcUs (text-fig. 3 E) are in general as in the 
other Apes and Man. The short upper head of the external 
pterygoid (E.P.M.) is inserted almost entirely into the capbule 
of the temporo-maxillary joint, and the large lower head passes 
to the neck of the mandible. Both heads are separate, though iu 
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contact at their insertions. T)ie internal pterygoid (J.P.M.) is 
not peculiar. The geneml relations of the structures in the 
pterygoid region are as in the Chimpanzee, but in this very 
young animal the structures are closer together. The chorda 
tyuipani joins the lingual nerve (L.N.) well down in the region, 
sn<l the internal maxillary artery (I.M.A.) has a long, horizontal 
put before it ascends over the lower head of the external 
pterygoid muscle. 

Text-figure 3. 









S.P.M. 


C.PM. dXA. 



AluscleH of the face. A. The masseter muscle and its relations : h. Attachments 
of muscles to the uiandiblo: C,l). Variations in the somatic muscular 
mass ill the Ohimpaiizee ; E. The pterygoid region. H.A., hnccal artery; 
EUC., buccinator ; D.T. A., deep temporal artei ics ; E.C. A., external carotid 
artery; E.P., oxtevual pterygoid muscle; I.D.A., J.D.N., inferior dental 
artery and nerve; L.E.N., long Imccal nerve; MAS., inassetcr muscle; 
M.M.A,, mid men in gtal artery ; P.A., parotid arteries; r.S.I). A., posterior 
guiierior dental arterj ; S.F.P., suctorial pad of fat; S.T.A., superficial 
temporal artery. Other letters iu text. Note the chorda tympaiii looping 
into the lingual nerve (L.N.). 


The levator and tensor palati are horizontnl ns in the 
Chimpanzee. The azygos uvxdce shows nothing peculiar except 
that it does not enter a uvula. 

The sterno-mastoid (text-fig. 4, S-M.M.) consists of sternal and 
clavicular components, which remain separate, though closely 
apposed. The sternal head arises by a long, tapering tendon from 
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the front of the upper end of the manubrium sterni, and it is 
inserted into the mastoid ridge. The clavicular part arises from 
the inner third of the upper border of the clavicle ; it gmdually 
comes to overlap tho sternal head, and it is inserted into the 
outer half of the occipital crest. This animal therefore possesses 


Text-figure 4. 



Tho submental and eervical muFclea. L.G., lymph glands ; O.A S,, opening of 
air-sacs ; submaxillary gland. Other letters in text. 


a sterno-mastoid and cleido-occipital. Fick (26) observed two 
parts fused below but separate elsewhere, Bischoft’{7) described 
two parts separate throughout, and Vrolik (79) saw the clavicular 
head displaced to the acromion. The external jugular vein 
crosses tho outer surface of the muscle. These conditions difler 



The r^on in th, Oraug (A) and the h.roid i„ a Chimpaaaee 

! ““ ”■'««'«! H.IJ., Iij«ia hone; 

L.B.T., lingMl nerve; O-H.M., oino-hjoid mnecic; M-If.M., injln-hyoid 
muace; P U D., p^terior belly of the digaatric; .S..»V.M. ateLhioid 
m^de; S.-L.C,., sublingual gland ; XII, hypoglu^uil nerve. Other lettew ij, 
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from those in three Cliimpanzees, for they had sterno-occipital and 
cleido-mastoids, and no external jugular vein lay on the surface 
of the sternal head. In one human fa?tus 1 observed separate 
sterno-occipital and cleido-mostoid parts of the muscle, and there 
was no fusion at any point. 

The stenio-hyoid muscles (text-fig. 4, S-H.M.) run from the 
l>ack of the sternum and inner ends of the clavicles to the lower 
border of the hyoid bone. They are wide below and narrow 
above. Fick (26) states that they are not easily separated in the 
middle line, but that is not the case in my specimen. In the 
angles between the lateral borders of the muscles and the hyoid 
bone lie the orifices through which the air-sacs communicate with 
the hiryngeal ventricles. In the Chimpanzee, on the other hand, 
there is a single median communication. 

The air- sac has thick walls, and the cervical muscles do not 
shine through them as they do in the Chimpanzee. 

I’he sier no -thyroid mttacles are as in the Chimp»inzee. 

The otao~h}/aul is undivided and has no central tendon. It 
runs from the base of the sctipula to the lower border of the 
hyoid bone at the side of the sterno-hyoid muscle. The tendon of 
insertion is long and slender. Fick (26) and Beddard (6) both 
mention it, and Bischoff (7) records absence of the muscles as 
an individual peculiarity. In the Gorilla, Gibbon, and most 
Chimpanzees the muscle has two bellies, but in one Chimpanzee 
it was as in the Orang (text-fig. 5). It is attached to the 
transverse scapular ligament in the Orang. In the Gorilla that 
ligament is absent. 

The diijaatric, according to the observations of Adams (2), 
Bischoff (7), Fick (26), Owen (52), Sandifort (66), and myself, 
consists only of the posterior belly. It runs from the occipital 
bone to the angle of the mandible. It is thus a true depressor 
mandibulse. In all other Apes and in Man there are anterior and 
posterior bellies, but there is more or less fusion between the 
anterior bellies in the Apes. 

The mylo-hyoid (text-fig. 4, M-H.M.) has similar attachments 
to the Chimpanzee, but the thin fibres decussate in a complicated 
manner. No submental lymph-glands lie on the .«‘Urface of the 
muscle, in which condition the Orang agrees with the Chimpanzee 
and differs from Man. No raphe is present. 

The stylo-hyoid (text-fig, 5, S-H.M.) runs from the styloid 
process to the l)ody of the hyoid bone, and it is not tunnelled by 
the digastric as it is in many Mammals. Fick (26) stated that it 
is inserted into the air* sac, thus forming a stylo-laiyngeus, but 
that muscle is separate in my specimen (S-L.M.). In one 
Chimpanzee the stylo-hyoid was not separate from the posterior 
belly of the digastric (text-fig, 5 B)* 

The genio-hyoidei and genio-glossi have the same attachments 
and relations as in the Chimpanzee, and the nerve supply is 
similar. 
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The hyo*glo88us (text-fig. 6, H-G.M.) runs as in the Chimpanzee, 
but the anterior fibres are more horizontal. The relations are 
also as iu the Chimpanzee, but the hypoglossal nerve has fewer 
branches on its surface ; and no communication runs between ilio 
lingual and hypoglossal nerves along its anterior border. It is 
not fused with its neighbour, nor with the sterno-hyoid. 

The stylo-glo88U8 (text-fig. 5, S-G.M.) is as in the Chimpanzee. 
It arises along with the stylo-hyoid (S-H.M.), stylo-pharyngeus 
(S-P.M.), and stylo-laryngeus (S-L.M.). 

The stylo-pkaryvgeua has the usual origin and insertion, but 
no fibres pass into the outer surfaces of the superior and middle 
constrictors as in some Chimpanzees. 

The constrictors of the pharynx (text-fig. G) have the usual 
arrangement, but the inferior constrictor (T.C.^I.) is stronger 
than in the Chimpanzee; it arises from the whole length of tho 
thyroid cartilage and from the cricoid ; hut no fibres arise from 
the tracheal rings. Fibres pass into it from the crico-thyroid 
(C-T.M.). It conceals the greater part of the middle constrictor 
(M.C.M.). The superior constrictor (8.C.M.) is as in JVlan. 

The thyro-hyoyl (text-figs. 6 21, T-II.M.) has a vertical origin 

from the upper half of the thyroid ala. The fibres coiiverge, 
sweep round the tubular communication between tlie air-s>ic and 
larynx, and are inserted into the front of tlie hyoid bone. It is 
separated from its neighbour. It diflers entirely from the muscle 
in the Chimpanzee. 

The scalenus anticxes arises from the anteiior aspect of the 
transverse processes of the third, fourth, and l»fth cervicsl 
vertebrae, and is inserted into the scalene area on the first rib. 
In one Chimpanzee (72) I found a similar origin, but in two others 
it arose from the fourth, fifth, and sixth transverse processes. Jt 
varies in difiei’ent Gibbons, as h arises from a variable number of 
transverse processes between the third and sixth. 

The scalenus medim and posticus are fused to form a sirigle 
sheet, which runs from the posterior tubercles of the second to 
sixth cervical vertebra?. It. is inserted into the inner inch of the 
upper border of the first rib — that is to say, its insertion runs from 
the inner end of the rib to beyond the angle. The size of the 
insertion is greater than that of the separate muscles in Man. 
The costal attachment is less than in the Chimpanzee (72). 

Premrtehral Muscles: — The attachments are as follows. The 
longus colli and rectus capitis anticus ma jor have a common origin 
from tlie seventh cervical and upper five thoracic centra. The 
bundle splits above into the vertical part of the longus colli and 
the rectus capitis anticus major. The former passes to a tubercle 
on the anterior arch of the atlas, and tho latter runs to the basi- 
occiput. The upper oblique part of the longus colli is absent. 
The rectus capitis anticus minor runs from the lateral process of 
the atlas to the basi-occiput. The rectus capitis lateralis is 
absent. 
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It is evident tlmt the arrangements of these muscles differ 
considerably from those in Man and the Chimpanzee (72). They 


Text-figure 6. 



Muscles of the pharynx. IIUC., bucciuator; OES.MUS., ocsophaiyeal miisclos; 
O.A.S., opening: of air-Kjie; S.M., biiiiw of Mor);^ag:ni; S-Il.M., stilo-hxoid 
muscle; T.P., tensor palati; TH.OLI),, thyroid gland; IX., glossopharyn- 
geal nerve curving round the stylo-pharyngcus muscle (S.P.M.). Other 
letters lu text. 

exhibit fusion which is frequently met with in muscles in other 
puts of the body. 
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MuscUb and- Faacice of the Back, 

The outer surface of the trapezius is covered with stronfj; fascia, 
which is weaker above than below; and its attachments are os 
in the Chimpanzee (72). No ligamentiim nuclite exists. It 
appears that the Gibbons are the only Apes possessing a 
ligamentum nuchie. 

The trapezius arises from the inner half of the occipital crest, 
the inion, the spines of cervical vertebrie 2-7, and the first seven 
ilorsal spines and supraspinous ligaments. Hepburn (35) gives 
the occipital origin as extending out to the mastoid process. It 
touches the sterno-inastoid, thus forming an apex to the posterior 
triangle in this animal ; in some specimens these muscles are 
not in contact. There is no tendinous origin in the middle 
spinal origin as there is in Man. The cervical pru t is shoi’t and 
thick as in the Gorilla and Chimpanzee, and it is assisted by the 
subjacent rhomboid sheet as pointed out by Sommer. In 
l/ylobates muelleri I found the trapezius falling short of the 
occiput by four cervical vertebrae. It is inserfced into the outer 
third of the clavicle, the acromion, and the vxliole length of the 
scapular spine, but there is no differentiation of fibres inserted 
into the base of the scapular spines as in Man and the Chimpan- 
zee. There is no fusion with the deltoid. 

The latissirnus dorsi arises from the lower five dorsal spines and 
supraspinous ligaments, the posterior lamella of the lumbar fascia, 
and the outer lip of the crista ilii betweeii the two superior 
spines. The direction of the fibres is as in Man. It also gets 
slips from the outer surfaces of ribs 6“11, but Hepburn (35) states 
there is no costal origin. No slips are derived from the inferior 
angle of the scapula, and all Apes agree with one another and 
diller from Man in this respect. Its relations to the teres major 
and axilla are as in all Apes and Man, but tlie fibres fuse with 
the teres major close to the tendon of insertion. The strong, 
riblx)n-like tendon has tlie usual insertion. The dorso-epitro- 
chlearis is give off from the junction of the muscle and tendon. 
No dorso'humeralis exists. 

The rhomhoideus arises fi’om tl\e spinous processes of the 
cervical and upper six dorsal vertebra*, and a slip runs to the 
occipital crest (rhomhoideus capitis). The muscle mass is not 
divided into major and minor muscles, and it is inserted into the 
entire length of the vertebml border of the scapida. Hepburn 
(35) gives its insertion as extending from tlie inferior angle to 
an inch above the base of the spine. It is longer at its insertion 
in the Orang and Chimpanzee than in the Gorilla and Man. Fick 
(23) mentions that there is no occipital origin, Bischoff (7) and 
others record an occipital origin, and Beddard ( 6 ) describes 
major, minor, and occipital rhomboids. 

The levator awjuli scapulce^ in keeping w ith dimensions of the 
neck, is 8110111 . It arises from the tmns verse processes of cerv ical 
vertebrse 1-4. The slips of origin do not remain separate to 
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near their insertion as maintained by some observers. It is 
inserted into the costal aspect of the superior angle of the scapula. 
Various authors have given origins even as far down as the 
seventh cervical spine ; and the muscle has been described as 
fusing with the seiratus magnus as in many Mai'supials. The 
levator scapulte has been described as the scrratus co)li. 

Miiaculi Serrati Poatici : — The su|)erior muscle is absent. The 
inferior muscle runs from the lumbar fiiscia to the outer surfaces 
and lower borders of the lower five ribs, as I obserwed in three 
Chimpanzees. Fick (26) mentions that tlie last slip only is well 
marked. The existence of this muscle is variable in the Gorilla. 
The superior and inferior muscles have been studied by 8eydel 
(68). who found the superior muscle reduced to a few tendinous 
threads. 

The Sjjleniaa arises from the tips of all vertebrae, from the 
second cervical to the fourth dorsal, from the supraspinous 
ligaments, and fiom the strong fascia over the muscle itself, it 
is inserted, with the exception of the inner half inch, into the 
<x',cipital crest down to the mastoid ridge. The splenius cervicis 
is absent in this animal, but Testut (74) saw one in his. The 
splenius cii})iti.> is, therefore, very strong. Possibly the exami- 
nation of several animals would show variations in the splenius 
cervicis, for 1 observed variations in the Chimpanzee. The 
splenius cervicis had one to three digitations in three Chim- 
panzees. In Man the splenius cervicis varies, for it runs totln ee 
or four cervical transvei*ae processes. I have already recorded 
the absence of the splenius cervicis in Phascoloviya and the 
Plialaiigers. In the sluggish arboreal Koala the splenius cervicis 
is present (71). 

The aacro-apinalia (text-fig. 7) is strong, especially below. The 
ilio-costalis column is entirely separate from the longissimus, 
except at the origin. In three Chimpanzees I found them 
entirely sepamte in one animal and fused in the upper part of 
the thorax in two. The fusion has already been figured by me 
(72). It is possible that the examination of several Orangs 
would show individual variations. The muscle arises from the 
inner half of the iliac crest, the posterior sacro-iliac ligament, 
the back of the sacrum, the spines of the lumbar an<l upper 
sacral vertebra}, and the posterior lamella of the lumbo-dorsal 
fascia. The muscular mass separates into the usual columns, 
but the ilio-costalis and longissimus are more fused at their 
origins than in the Chimpanzee (72). The ilio-costalis, acces- 
sorius, and cervicalis aiicendens are fused, and it is only below that 
any distinction between the first and second of these can be made 
out. Thus there is a long outer column or ilio-costalis (1-C.C.) 
which arises from the ili»ic crest, from all the ribs, and from a 
strong fascial septum (F.S,), which separates it from the longis- 
simiis. This septum reaches from the upper part of thorax dov n 
to the level of the seventh rib. Tendons are given off to the ribs, 
those to the first four being sti'ong, wheieas those to the lower 
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eight are slender. The column is also inseHed by muscle fibres 
into the transverse processes of the fourth, fifth, and sixth cervical 
vertebras behind the scaleni. At the insertion into the cervical 
transverse processes the ilio-costalis and longissimus are fused. 


Text-figure 7. 



The sacro-spinalis muscle and its relations. L.A.S., levator ang^nli scapulsp ; K.M., 
rhomboideus ; S.P.I seiTatus posticus inferior. Other letters in text. 

The longisBimuB (LO.O.) is the most massive part of the sacro- 
spinalis, and it is more fleshy throughout than in Man, It is 
inserted externally into the thoracic transverse processes and 
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lumbar vertebreB. Some fibres are inserted into the septum, 
'which separates it from the ilio-costalis. It is prolonged 
upwards into the neck as the ira^iaversalis cervicis (Tr.O,), which 
is inserted into the posterior tubercles of the second, third, fourth, 
fifth, and sixth cervical veitebite internal to the ilio-costalis. It 
is fused with the trachelo-maetoid (T.Ma ). The latter muscle 
arises from the lower four cervical articular processes and from 
the upper four thoracic transverse processes. It is also fused 


Text-figure 8. 



The deep muscles of the back in the Orang (A), and the insertions of the muscles 
on the occipital bone and atlas in the Cbinipanzed (H and C). CO., coin* 
plexus; E.O.P., inion; O.-T., omo-trachehau ; L,A.S., levator anguli 
scapultn ; K.C.L., rectus capitis lateralis; K.C.P.Ma. and R.C.P.Mi., rectus 
capitis posticus major and minor ; S Cap., splenius capitis ; S.-M.M., steruo- 
mastoid muscle; 8.O.M., superior oblique; T>M. and T-M.M., trachelo- 
mastoid ; Tra., trapezius. 

with the complexus. It is inserted in the occipital crest under 
the splenius capitis. The sphmhs dorsi (S.C.) is as in the Chim- 
panzee. In the Chimpanzee (text-fig. 8 B) the trachelo-mastoid 
has a digitated insertion into the occiput and atlas. 

Tlie complexus (text-fig. 8 A) arises from the transverse pro- 
cesses of the first six dorsal vertebrae, the lower five cervical 
articular processes and the spine of the seventh cervical vertebra. 
It is inserted into the occipital bone below the superior curved 
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line ; and the length of the insertion is a little more than 
half the distance between the inion and mastoid* On tlie 
inner side of the muscle, but in no way connected with it at 
the oi'igin, is a Y-shaped bundle of fibres which are veiy slender. 
The vertical limb arises from the fascia on the inner side of the 
complexus, and the two diverging limbs blend with the insertion 
of that muscle. This is all that could be called a biventer 
cervicis (Bi.O.). The complexus is not divided into sepaiiite 
bundles as in three Chimpanzees examined by myself ; in one of 
these animals 1 described and figured the muscle (72). None of 
the three Chimpanzees had any trace of a biventer cervicis. 
With the exception of the trapezius, the splenius capitis and 
complexus are the most powerful muscles in the neck in the 
Orang and Chimpanzee. 

The semiapinalis is more extensiv'e than in Man and differs 
from that in the Chimpanzee (72). The spinalis doi*si arises from 
the transverse processes of the lower seven dorsal vertebrir, and 
it is inserted into the spinous processes of the last two cervical 
and first four dorsal vertebiw. The semispinalis cervicis arises 
from the transverse processes of the fii'st fotu* dorwil vertebiw and 
from the articular processes of the lower four cervittal vertebrae ; 
it is inserted into the s]>inous processes of cervical vertebra* 2 6. 

The rmiltijidns spwce has the usual characters and attachments. 
These are similar in all essentials to those in Man and the 
Cliiinpanzee, 

Suh'OccipiUd ^fmcles : — The sub-occipital triangle is obliterated 
by the overlapping of the inferior oblique and rectus cajdtis 
]>osticus major by the superior oblique, and b} the fact that 
the adjacent borders of the first two muscles are in cordact. 
These muscles, likewise the rectus capitis posticus minor, have 
the same attachments as in Man. The superior oblique may he 
called immense, and the rectus capitis posticus minor is less 
covered by the major muscle than in the CliimpHiizee. In three 
Chimpanzees I observed variations in the degree in which the 
triangle is obliterated; and in one animal (72) only did 1 observe 
an accessory triangle. The insertions of the posterior cervical 
muscles in the Chimpanzee are shown in text-fig. 8 C and 1), 

The levatorea coatarum are of the same number as in Man, 
namely twelve pairs, and their attachments are similar to those 
in him and in the Chimpanzee (72). 

The rotatores dorsi, interspinales, and iutertransversarii are as 
in Man and the Chimpanzee. 

When the characters of the back muscles in the Apes are 
examined as a whole, it is seen that individual variations occur in 
the following characters - 

1 . Extent of the cervical origin of the rhomboidens. 

2. Degree of fusion of the ilio-costalis and longissimus. 

3. Extent and chanicter of the insertions of the ilio-costalis 
and longissimus. 
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4* of the ilio-costalis to the ribs are powerful 

fibov* «#A below, or vice versa. 

5« 3^ flision of the longissimus and splenius cervicis. 

4. 1!lieei«e of the splenius cervicis. 

7. The degt^e of fusion of the ilio-costalis and scaleni. 

8. Tlie degree of obliteration of the sub-occipital triangle 

9. The prominence of the rectus capitis posticus minor. 

10. extent of the origin of the levator anguli scapulae. 

11, The presence or absence of the posterior serrate muscles. 

Muscles of tfte Arm. 

The pectoralis major (text-fig. 9) is divided into tliree parts — 
clavicular, costo-sternal, and abdominal — and a diverticulum of 
the air-sac separates the first and second. The clavicular part, 
which maintains a uniform thickness, arises from the extreme 
inner end of the clavicle and t he front of the manubrium sterni 
(Hepburn (85) gives no clavicular origin). The cephalic vein dips 
behin<l it. Tlie second part arises from the front of the lower 
half of the sternum and from the cartilage of the last true rib. 
The third part arises from the fascia over the external oblique 
muscle of the abdomen. The second and third parts unite to 
form a common muscle which joins the outer end of the clavicular 
part; and the combined muscle is inserted into the pectoral crest, 
from the great tuberosity of the humerus downwards. No 
differmtiation of a pect. quartus occurs. The total length of tlio 
aponeumtic insertion is a third of that of the humeral shaft. 
The nerves reach the muscle by turning round the pectoralis 
minor. 

The delto^pectoral triangle contains fat, lymph -glands, and 
the cephalic vein ; so it diftei’s from that of the Chimpanzee. It.-, 
fat is drained by a vein to the external jugular vein. 

The separation between the clavicular and costo-sternal parts is 
a point of difference between the Orang and Chimpanzee ; and 
in one Chimpanzee I observed total obliteration of the delto- 
pectoral triangle. 

Various authors have described diflerent arrangements. 
Fick (28) records three parts entirely separated. Bisclioff (7) 
)ind Sandifoi*t (651 describe absence of the claviculai* head ; and 
Beddard (a) mentions two parts which unite before theii^ 
insertion. 

Tlhe pectoralis mi}ior is separated from the pectoralis major by 
a prolongation of tho air-sac. It has a continuous origin from 
the second, third, fourth, and fifth costal cartilages (Hepburn. 
3 and 4 ribs), and it is inserted into the upper part of the comcoid 
process of the scapula from behind the apex to the bend. 
Kok (24) states that it is inserted into the upper surface of the 
prQee8% and Bischoff (7) gives its insertion as the root. It 
diShrs^ therefore, from that in the Chimpanzee and Man. 
Beddard (4) describes the muscle ss consisting of two parts, which 
Pkoc, Zool. Soc. — 1924, No. XXV. 25 4 
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nre insei'ted into the coracoid and humerus. Duckworth ( 80 ) 
iigured a doiiblt* muscle in the Gorilla, and 1 myself observed a 
double muscle in a Chimpanzee. So it is evident that it can be 
single or <louble in each of the higher SimiidsD. The nerves to 
the pectoral muscles are ahowti in text-fig. 9 C. 

The snbclarim is as in the Chimpanzee. The costo^raooid 
membrane is po(u*, but the costo-coracoid ligament is strong and 
tJie tendon of the pectoralis minor plays over it. Hepburn ( 85 ) 
described an .ad<liti(mal origin from the second rib. 

Text-figure 9. 



The jrreat pectornl iDusL-le? in Man (A), the Chimpanzee (U), and the Oiang (C). 
The fignies on the right are the external and internal thoracic (E.A.T. and 
I.A.T.), inteiwto-humeral (I-H.N ), lesser internal cutaneous (L.I.C.)'and 
Itttei-al branch ot the first dorsal (L.B.I)i.) nerves; P.Mi., pectoiidU minor 


The deltoid arises from the front of the outer half of the 
clavicle, the outer border of the acromion, the lower border of 
the spine of the scapula, and the fascia over the infra-spinatus * 
but the latter is more extensive in the Chimpanzee. The fibres 
converge to the usual deltoid insertion, and there is no fusion 
with the pectoralis major. The muscle is not divided into parts 
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Scapular Mmelec : — The infraspinatus is larger than the supra- 
fspinatus, but both are much as in the Chimpanzee. The teres 
minor arises from a little more than the lateral half of the 
4ixillary border of the scapula, and its mesial extremity is 
sti’ongly fused with the infraspinatus; it is a very powerful 
iriuecle. The insertions of the supraspinatus, infnispinatus, and 
teres minor are restricted to the great tuberosity of the humerus. 
The sttbscapulario arises from the whole of the subscapular fossa, 
and is inserted by muscular and aponeurotic fibres into the lesser 
^tuberosity of the humerus. It is fused with the teres major, and 
Pick (26) also observed fusion. The lateral border close to the 
humerus and up to its insertion is followed by the anterior 
Immeral circumflex artery. It is relatively more powerful than 
in the adult Chimpanzee. It is not divided into pections as in 
the Gorilla, which has seven parts. The teres major arises from 
the mesial third of the axillary l>order of the scapula ; and it has 
the usual humeral insertion. Its origin is fused with the sub- 
si !apu laris, and its insertion is fused with the latissimus doi‘si. 
The accounts of Beddard (6) and Fick (26) regarding the sctapular 
muscles are very similar to the above. Hepburn (35) shows that 
i.he origin of the teres major is less in the Gorilla and Orangthan 
in other Apes. 

The biceps arises as in the Chimpanzee. The two bellies like- 
wise unite at the junction of the lower and middle thirds of the 
arm. The muscle does not develop its ribbon-like tendon till it 
pji.sses the level of the humeral epicondyles. The tendon is chiefly 
developed in connection with the long part of the muscle, the 
part derived from the sliort head being implanted into the tendon. 
'The tendon, which is long and powerful, has the usual nulial 
insertion. There is no lacertus fibrosus as many authors have 
recorded. 

The coraco-hrachialis arises from the coracoid process along 
with the short head of the biceps. In its middle part it has an 
uiterval through which the musculo- cutaneous nerve passes. It 
is inserted into an inch of the middle tlurd of the inner sui face 
of the shaft of the humerus some distance from the deltoid 
■insertion. The lowest fibres fuse with the bracldalis anticus. 
No fibres run to the dorso-epi trochlea ris and internal inter- 
muscular septum, and there is no comco-brachialis brevis. The 
in usculo-cutiuieous nerve passes through the interxal between the 
*two parts of the muscle. Church (14) and Hepburn (35) describe 
similar conditions. 

The hraehialis anticus consi.sts of two parts, which only come 
together in the distal half. The inner part, arises from the 
median half of the front of the humerus up to n point about 
a sixth of an inch alKjve the lowest point of the deltoid inser- 
tion ; and it is fused with the cornco-brachialis. The outer part 
arises from the lateral half of the front of the humerus and 
extends well above the insertion of the deltoid. The two parts 
a-re separated by a fissure in the upper part of their course. 
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Distally they unite to form a very powerful wIMi is. 

inserted into the inner side of the coronoid proceim. 

The dorso-epitrochlearis is similar to that in the C^itnpMlsee. 
The ulnar nerve pierces the internal intermiifteiliiir 
between it and the triceps. 

Triceps : — The long head arises from the lowier port of the- 
outer surface of the lip of the glenoid fosh® and frolu lateral 
half of the axillary border of the scapula. It jeitii the outer 
head of the muscle, whose lino of origin extends ffotii the inter* 
tion of the teres minor above to the level of the moMonloHroiral 
nerve below where it winds round the humerus ; and the long 
head is fused proximally with the brachialis anticus. The com- 
bined long and outer heads receive the inner head* whose origin 
is from the whole length of the humerus distal to the insertion' 
of the teres major. It is, therefore, evident that the oxtmt of 
origin of the long head is the only essential difference between 
the muscle in the Orang and Man. Tim insertion is as in Man. 
It is continued into the anconeus. 

The origin of the flexor muscles from the internal condyle of 
the humerus is very well marked. 

The palmaria longus is well developed, and its characters are as 
in Man. Hepburn (35) and Beddnrd (6) describe a similar 
arrangement, but Fick (26) recorded a very complex muscle. 
In his specimen the tendon divided into three ^rips, w^hich 
joined the abductor pollieis brevis, tlie palmar fascia, and the 
flexor brevis minimi digiti. Vrolik (79) and Hepburn (86) 
observed it in all Apes. 1 observed it in two Qhimpansees out 
of three animals examined ; Bischofl’ stated tbai it is absent in 
the Gorilla; and Keith (42), who made an exhaustive study of 
this muscle in the African 8in^iida^ found it pt^esent in four out 
of eleven Gorillas, and in liine out of twelve Chimpanzees. It is. 
not always present in Man. 

The Jiexor carpi radialis arises umler cover of the palmaris 
longus from the internal condyle of the humerus. It is fused 
with the flexor sublimis digitorum and pronator radii teres. 
It receives fibres from the radius down to a point at the junction 
of the fourth and last fiftli of the shaft of the radius* Fick 
(26) and Langer (46) described origins ns far down as the lower 
fourth of tlie radius. The tendon is inserted into the palmar 
aspect of the bases of the second and third metacarpals. 
Bi^ddard (6) mentions the second metacarpal only^ but Hepburn 
(35) records the insertion as the second and third metacarpnls. 
The radial origin is as extensive in two out of three C9)i]iipanzees 
examined, but it was greater in a third animal (72)» Chi the* 
lateral side of the muscle lie the radial and superficial Vohtr 
artery* 

The pronator radii teres arises as in the Chimpanzee (78)* 
It is inserted into the second fifth of the outer enr&ioe of the 
shaft of the radius. The median nerve passes betwMU Its 
coronoid and condylar heads. Hepburn (85) points oOt tlmt. 



PHTtlMiOOf, kKD PATHOLOOV OP TUB ORANO-OUTAN. 369 

the moaebi hm XM «^noid head in the Gorilla and Gibbon. 
LaBCUr<4t) RriHl tUk^i) both descril^e long insertions in the 
Oraag, Ilit4 comparing it with Man. 

tftnrfi lihilliiaris has a muscular origin from the flexor 
'COiidyl0f and an aponeurotic origin from the olecranon. It is 
attached by fWWida 1)0 the olecranon, and it receives fibres from 
the fleaer snMifllie dfgitornm. It has the usual insertion into 
iihe pieifoirm. The ulnar nerve enters the forearm between its 
4^ wo heade. 

The fl0mr iAgiiortmx^ or fiexoi’ jierfoiatus, arises b}’' 

coronoid, eondjrfaf, and radial parts as in the Chimpanzee, and 
there is contimrity between it and the flexores carpi radialis 
ami ulnarta. The condylar head passes to the fourth and fifth 
digits. The eoronold head is also attached to the condylar head ; 
it joins the radial head to form a muscle whose tendons go to 
the second and third digits. This aiTangement is somewhat like 
that in the Gibbon. It differs from that in the Chimpanzee (72) 
ami Gorilla, but Hepburn (35) states that it is similar to that in 
them. The radial head also fuses with the condylar head. The 
tendon slieaths are more powei-ful than in Man. There is 
nothing peculiar in the splitting and insertion of the tendons. 

'The ptCjfkmdtiM dujltomm consists of radial and ulnar 

segments, which are quite sej)arate except at the upper part. 
The ulnar segment arises from the upper two-thirds of the front 
ami euter aspects of the shaft of the ulna, and from the inter- 
•OHS(*ous membrane I it also derives fibres from the flexor carpi 
uhmris and deep fascia uniting the muscle to the ulna; it 
provides the deep flexor tendons to the medius, annularis, and 
minimus. The iroial segment arises fi'om the same extei\t of 
the radius and from the interosseous membrane ; it provides the 
deep flexor tendon to the index. The tendon to the pollex is 
not attached to the tendon of the radial segment, so the arrange- 
ment differs from that in the Cliim])anzee and Gibbon, and 
resembles tliat In some Gorillas (35). The ])ollical tendon, how- 
•ever, is not provided with a muscular belly like tlie flexor longus 
pollicis in Man. Hepburn (35) has given a detailed account of 
the evdltttkm of the flexor muscles. The fusion of the deep 
flexors and flexor snblimis is a trace of the past history of the 
uiuscles* Fick (26) and (^©genhanr describe how there is no 
flexor longue pollkie connected to the pi’ofundus. Yrolik (79), 
on the nontrary, described one. 

Tkmair Jftisdhe:— their genend arrangement these muscles 
resemble thorn of' Chimpanzee. The abductor jwllicis brevis 
i« not divk^ Uite dips ns in some Chimpanzees (72); it arises 
ontitely fredl the anterior annular ligament. The opponens 
pollicie hse ttmoame attachments ns in the Gorilla, Chim])nnzee, 
e.iid Men ; it le reiy Ittong. The flexor brevis pollicis lias outer 
4 ind infler bolide ae 'te the Gibbon and Chimpanzee; and the 
outer bead ie not dNNdded into slips as I observed in the Chim- 
panaee« 9%e addootores nro described later. 
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Ilijpotheiuir MmcUa : — These ai*e genemlly disposed as in the* 
Chiinpnnzee (72). The abductor niitiiini digifci Ima a long 
muscular belly and a short teudon, whereas the I’everse was the 
case in tliree Chimpanzees described by myself. In all other 
respects the muscles were identical. 

Lmnhrlcales : — The four lumbricales are long and slender, and 
they begin to arise from the deep flexor tendons in the lower 
part of the forearm. They remain close to the flexor tendons 
throiigliout. The first arose from the I'adial side of the index 
flexor, the second from the radial side of the flexor of the medius, 
the third from the adjacent sides of the flexors of the medius. 
and annularis, and the fourth from the radial side of the flexor 
of tlie minimns. Hence the origin diflei-s from that in Man and 
the Chivapanzee, The first ami second muscles ai*e not con- 
nected by a slip ; but I observed this connection in three 
Chimpanzees. 

Addnctoreti Polllcis : — These are the only representatives in the 
Orang of tlie contrahentes group described by Bischofl! (7), 
Cunningham (15). Halford (33), nnd He])biirn (35). The 
adjacent margins of the transverse and oblique muscles were in 
contact in this ariiinal, hnt the muscles can easily be dis- 
tinguished. The adductor transversus is biseienlated, but the 
fibres of tbe adductor obliquus are close together. in the 
Gibbons tlie adductor muscle is not separable into two pai'ts. 
The adductor transversus arises from a septum running along 
the paimar aspect of tlie tliird metacarpal, and the adductor 
obliquus arises from the hast* of the third metHV’iarpal and the 
tendon of the flexor caiqn uliiaris. The origin oifiers from that 
ill Man ami all the Apes except the Gibbons (35). The muscles 
are inserted together into the ulnar side of the base of the- 
proximal j)hala.nx of the thumb. 

Interossei : — There are three palmar and four dorsal interossei 
as in ]\Ian and all the Apes except the Chimpanzee (72), which 
has three additional jialmar interossei derived from the dorsal 
series. 

The pronator quadratus is well marked and connects the distal 
quarters of the radius and ulna. It is not weak, nor are the 
fibres veiy oblique as Ilepburn (35) points out. Fick (26) alsa 
describes a small muscle. 

The supinator longus arises from the upper two-thirds of the 
external supracondylar ridge, but the origin does not extend as 
high np as the insertion of the deltoid. It is not fused wTth the 
brachialis anticus. It appears to consist of two parts — upper 
and lower — which soon fuse. Its insertion into the lower inch 
of the .shaft of the mdius is longer than in the Chimpanzee (72j* 

Tlie e.rtensor carpi radialis longlm' Jtrises from tbe low^er part 
of the external supracondylar ridge and septum nnd from the* 
external humeral condyle. Its tendon is inserted into the 
dorsal a.spect of the base of the metacarpal bone of the index, 
finger. It is crossed by tendons of the extensors of the thtmb. 
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The e^ctemor carpi radialis brevier arises from the externnl 
condyle of the htiraems, the external intermuscular septum, ami 
the external lateral ligament of the elbow joint. It is closely 
applied to, but not Jictually fused with, the last muscle. Its 
tei^on is inserted into the dorsal aspect of the base of the third 
metacarpal bone. It is very like the corresponding muscle in 
the Chiuipanzee in its origin from the ligament of the elbow - 
joint. 

The extemor eommuuis digitoriim consists of two parts. One 
of these parts arises from the common extensor oi igiii and from 
the septa between it and the muscles on its sides. It gives olf 
three tendons to the minimus, annularis, ami mediii.v. The other 
arises from tlie lower pails of the internal sin faces of the radio v 
and ulna, the overlying fa.scia, and the interosseous membrane: 
it supplies tendons to the index ami medius. liopburn (35) 
states that tlie muscle is as in Man, but that is not so in this 
animal. It diflers, too, from the condition which J liave already 
recorded in the Chimpanzee (72). Fick (26) and Hetldard (6) 
also describe conditions similar to those in Man. 1 lie tendons 
are in.serted in the same manner as in Matt, and tlie tendons 
which run to the medius from the two parts of tht* muscle unite 
to form a common <lorsal expansion. 

The shows nothing peculiar in it.^ origin and 

insertion. Its tendon is very long and slender, and is closely 
applied to the lateral part of the extensor communis. 

The extemor minimi tligiti arises from the coiintuni extensor 
origin, the intermuscular septa betw^eeu it and adjacent muscles, 
and from the lower part of the extensor coiiimnnis. It gives 
tendons to the annularis and minimus. 

The carpi has the usual origin and the usual 

insertion into the base of the fifth metacar'[)al bone. Its tendon 
is one ot the strongest on the ilorsum of the hand. 

It is therefore evident tinit two exteiisor tendons act on eacli 
of the four fingers : — 

Iwhx\ extensor indicis and low'er part of oxfenst)!* communis. 

Mecline : botli pirts of extensor communis. 

Anmtlaris: upper part of extensor commiunV and extens()r 
minimi digiti. 

Minimm: as in annularis. 

Exiencors of the Thumb : — ^The three extensors ari.‘'C as in the 
Ohimpinzee, but the insertions difier somewhat. Tiu^ extensor 
oasis metacarpi pollicis runs to a sesamoi*! hone and iJie base of 
the first metacarpal. The extensor primi interiiodii pollicis runs 
to the base of the first metacarpal. The extensor sccundi inter- 
uodii pollicis, wdnch is inserted into the base or the ungual 
phalanx, gives an expansion to the first phalanx. 

The eupmatcr Arena is thicker above than below. It has tlu' 
usual characters^ and its insertion reaches distally a.s far as tlie 
middle of the shaft of the radius. 

S^rraim Mag^tim ; — This muscle consists in this aniu al of two 
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distinct parts, and the upper part of the proitln^l portion is 
jijfreatly thickened. The proximal part arises bf iiitW al||itstioiis 
fi-om the upper three ribs, the first one being fhMt; it is 
inserted into the vertebral border of the scapula in its upper 
three-fourths. No slip arises from the fourth rib, so there is a 
^^ap between the two parts of the muscle. Tbs pert arises 
by six digitations from ribs 5-10 inclusive; it is iiwterted into 
the lower fourth of the vertebral border of the scapula. Wie 
first part is innervated by the fourth, fifth, and sfjtth cervical 
nerves and is supplied by the vertebral artery. The secOlid part 
is supplied by the seventh cervical nerve sfid long thoracic 
artery. 

Muscles o f the Thorax^ Abdomen^ etssd PehU, 

The intercostal muscles <lo not differ in any essential point 
from those in Man. No siernalis is present. 

External Oblique : — This muscle arises from the lower borders 
and outer surfaces of ril)s 6-12. They interdigitate with the 
digitations of origin of the sernitus magnus, but there are no 
<ligitations with the latissimus doi*si. The posterior fibres have 
no direct attachment to the pelvis. They nil pass to the 
aponeurosis, which is attached to Poupart’s ligament and the 
middle line, where it is fused with tlie opposite aponeurosis. 
Poupart’s ligament is a very feeble structure, and is not connected 
to the other abdominal rnnscles. Mesial to the external oblique, 
and separated from it by a narrow gap, is a thin stratum of fibres 
running between the iliac crest between the supei'^’or spines and 
the lower border of the last rib. 

Internal Oblique', — The internal oi)lic|ne arifl^ from the iliac 
crest between the superior spines and from the deep fascia in 
outer two-thirds of the space between the anterior superior iliac 
spine and the pubis. The fibres run as in Man. They, are 
attached to the lower borders of the la.st four ribs, and into the 
jiponeurosis, which has the usual attachments. The muscle 
fibres of the lower part of the muscle almost reach the linea 
semilunaris. The aponeurosis of the external oblique joins the 
aponeurosis of the internal oblique in the linea semilunaris. 

Transver salts Abdominis', — The fibres arise from tlie deep 
surfaces of the lower six ribs by slips which interdigitate with 
the diaphragm, from the lumbar fascia, and from the anterior 
lialf of the inner lip of the iliac crest. The lower fibres are 
\videly separate, but the upper fibres form a thide mtlidle* TSie 
aponeurosis, which receives a film of tissue from the aponeuroeiM 
of the internal oblique, forms the posterior Well the sheath of 
the rectus abdominis. 

The sheath of tlie rectus is not complete, and its foritialiou 
diflfers from that in Man and the Chimpanzee. Iti lim anterior 
part the aponeurosis of the internal and externid Obiiqae moedes 
unite in the linea semilunaris, and a thin Tnembreiie,aiiititig^itMi« 
the cord-like linea, forms the anterior wall cl ^'ebeath. The 
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posterior wall of the sheath is formed by the traiisversalis a.po- 
lieiiroeis. The iutenml oblique aijoneuiosis does not split. In 
the poeterior part the slieath is better marked, for the trans- 
versalie aponeurosis is connected to the aponeurosis of the 
intemal oblique* 

The ahdoniinia has five tendinous intersections in this 

animal* It has a single origin from the upper end of the 
symphysis pubis, and it is inserted into the ensitorm cartilage 
and fifth, sixth, and seventh costal cartilages. The pyrmnidalis 
is absent as in three Chimpanzees examined by myself. Fick «^26) 
points out that it is absent . 

The diaphragm arises from the back of the sternum and from 
the lower six riba by digitations. When the origin is viewed 
Irom the alKloinon a continuous muscular origin is seen, and no 
arcuate ligaments are visible. Fibres rise from the last rib. the 
fascia over the quadra tus lumborum and {)soas, and the vertebral 
<*olumn, the latter arising hy crura which are wide and muscular. 
The origin differs from that in Man and the Chimpanzee in 
the close connection between the dhqdiragm and the muscles of 
the fjosterior abdominal wall. The central temlon is lelatively 
larger than in the Chimpanzee. The diapliragin is pierced by 
openings as in Man ; and the chief point of difl'erence is that tlie 
vena azygos major does not through the aortic (ipening along 
with the aorta and thoracic duct; the (csoplingeal branch of the 
cueliac axis is replaced by a bmuch of the coronary artery, 
'rhe arteries sup[)l 3 dng it aie branches of the cteliac axis (see 
page 407)* It is innervated as usual hy the phrenic anil sympa- 
thetic nerves. 

The part' arises hy stiong tendons fioin the sides of 

the bodies* of the last dorsal and first him bar vertebra. I'he tliin 
belly ends in a long powerful tendon, which is inserted into the 
})Osterior pai*t of the ileo-pectineal line. At its lower part the 
tendon is connecrted to the fasm’a over the psoiis niajoi’. The 
tendon widens close to its insertion, which is farther back than 
in the Chimpanzee, in which respect it agrees with the (lorilla. 
flepburn (3#) descril)es conditions as above. 

The psoas tnagnus, according to Hepburn (35), arises fiom the 
last doiml and all lumbar verlebra\ Tu this animal it ariMS 
from the sides of the bodies of all lumlm* vertebrie and the last 
dorsal vertebra, from the intervertebral discs between tliese 
vertebrie, from the lumbar transverse processes, and from tho 
surface of the quadmtus liiml>orum. It unites with the iliacus to 
form the ilio^psoas, which is inserted into the lesser trochanter 
of the femur. 

The qut$dr€Uiis lumboriun arises fi’om the inner part of the 
iliac Cleat, the ilio*lumhar ligjunent, and the lower lumbar trans- 
verse processes* Its fibres are continuous witii those of the 
iliacus as in the Chimpanzee. It is inserted into the lower 
bonier of the last rib and the upf»er tians verse lumbar processes. 

The iltaeug shows nothing peculiar. 
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Muscles of the Perineum (text-fig. 10): — The ischio-^avemosns 
(I.O.) muscles are powerful. They arise from the inner surftboee 
of the pubic lami by broad bases, and they meet on the dorstim 
of the clitoris, along which they pass to a point half-an-inch 
proximal to the free extremity. A branch of the pudendal 
artery emerges from the pelvis over it and gives off the dorsal 
artery of the clitoris (T).Cl.A.). The sphincter vagince (S.V.) 
runs from the central point of the perineum behind to the root of 
the clitoris in fi‘ont. Home fibres blend with the ischio-cavernosus 
on the dorsum of the clitoris. Fibres of the sifiiincter ani 
externus (H.A.E.) blend with it in tlie central point of the 
perineum. No vestibular bulbs lie beneath it. The transverse 
perineal mtiscles arc absent as in the Chimpanzee (72). 


Text-figtue 10. 



The pcb ic and perineal muscles. CLF., clitoris ; (’OC\, coccyx ; O.P.P,, gap in peh ir 
inusculnture ; T.I., tuher ischii ; V.A,, vagina. Other letters in text. 

The sjyhinctcr ani ertermis (text-fig. 10, H.A.E.) forms a thick 
collar round the anus. It is attached anteriorly to the central 
point of the perineum. Postero-laterally it is connected to the 
ano-coccygeal membrane. 

The ano-coccygeal membrane (A-C.M.) divides into two parts^ 
which run to the sides of the gut, vhere they aie blended witli 
the levator ani and sphincter ani externus. 

Fibres of the levator ani pass to the skin, wliere they form tin* 
corr%iguior cutis ani, 

Tlie pelvic floor is chiefly composed of the coccygeus. I'be 
levator ani (text- fig. 10, L.A.) arises from the pelvic hriiu .over 
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the anterior half of the ilium. It is inserted into the front and 
sides of the anus. Between it and the coccygeus is a narrow gap. 
The fascia over the coccygeus is nttaclied to the levator ani. The 
coccygeus (text-tig. 10, CO.), arises from the side of all vertebne 
fi'om the tliird sacral t.o the tip of tlie coccyx. It is inserted inta 
the tuber isciiii and posterior border of the ischium up to the 
level of the top of the acetabulum. 


Muscles of the Leg, 

The gluteus maxinms is thin and divided into upper and lower 
]r)arts. Ilie former springs from the sacrum and great sacio- 
sciatic ligament. The latter arises from the ischial tuberosity, 
and is closely fused with Die short head of the biceps. The 
interval between the parts in this specimen is not as great as. 
would appear fi oni Hepburn’s account. The insertion into the 
shaft of the feiiuir is strong, and stops short of the external 
condyle by a little less than tbree-(jiiarters of an inch. Hepburn 
describes it as stopping at the level of the middle of the external 
intermuscular sejitum. Kick (26) states that there is no sacro- 
tuberous (great sacro-sciatic) ligament. In all other Apes and in 
Man the muscle is not split into .segments. 

The ^ is absent, whereas it is jiresent in a 

feeble c(*nditioh in tlie Chimpanzee and Gorilla. 

The ghitrus uudius is very similar in its oiigin and insertion to 
that in t he Chimpanzee (72), hut its tetulon of insertion is not 
split hy Die va'^Uis exlernus. It i.s closely associated with the 
teT)don of the jiyriformis at its insertion into Die great trochanter. 
In the ('liimjianzee a slip connects the gluteus juetlius and 
pyriform is. 

The gluteus mhiivius is weak. It runs from the posterior part 
of the iloiMim ilii to the anterior border of the great trochanter, 
where it. i.s as.sociuted with the scansorhts, which is stionger than 
in the Gorilla and (4ibV)on, hut about the same size as in the 
Chimpanzee (72). The scansorius helps Ilexion of the hip joint, 
and is u>efal in climbing, like the dorso-epitrochlearis in the upper 
extremity, with w hich it has been hornologized. Kick (26) points 
out that it possesses the .same function as the gluteus minimus, 
with increased power of iutexnal rotation. The part played by 
the muscle has received considemhle attention from that author 
(see (26) page .*17). 

The obturator internus is a strong muscle, arising as usual 
within the pelvis. It is inserted into the trochanteric pit of the 
femur above and in front of the tendon of the obtui*ator externiis. 
Its long, strong tendon receives a strong inferior gemellus and a 
weak superior gemellus. Kick (26) and Hepburn (36) describe 
the gemelli as similar to the above. 

Biceps Flexor Urnris : — The two beads remain separate. The 
long licad, which arises from the ischial tuberosity along wdth the 
semitendinosus and gluteus mnxinuis, is inserted into the outer 
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«i<le of the tubei'osity of the tibia, and a fibious expansion 
connects it to the external femoral condyle, Ohnroh (14) des- 
cribes it ns being inserted into the lower third of the femur, and 
Hepburn (35) describes an insertion into the capsule of the knee 
joint. Fick (26) reviews the literature dealing w’ith the long 
liead. He points out that Vrolik, Duvernoy, and Huxley re- 
garded it as a piece of the gluteus nmxirnus, whereas Bischoff, 
Henke, and Langer showed its true character. The short head 
arises from the third quarter of the shaft of the femur on its 
posterior aspect ; it is inserted into the head of the fibula and the 
fascia over the gastrocnemius, hut it has no connecfion witli the 
long head. Kick (26) gives a very long origin fioin the femur, 
and Hepburn (36) mentions union -with the long head at its in- 
sertion. In two Chimpanzees out of three J ohscu ved strong 
fusion between the bellies of the long and short j)ai ts of the biceps. 

The Semite ndinosus arises along with the long licad of the 
biceps, and it is fused for about three-tjiiarters ot an inch with 
the semimembranosus. It has an extensive aponeur(»tic insertion 
into the deep fascia in the upper third of the inner side of the 
leg. 

The semimeinhranoms is inserted into the posteio-niesial asj.ect 
of the internal tuberosity of the tibia. It has no ex])ansiitn.s to 
the fascia of the leg. 

Tlie rectus femoris, contrary to the arrangements describcMl by 
several authors, has only one head of origin, but a iibious septum 
runs through the muscle. Tliere is a long aponeuiotic origin 
from the anterior border of the ilium in the region of the 
anterior inferior spine and from the bone around the up])er bonier 
of the acetabulum. It is inserted into the upper bonier of t he 
])atella. The vastus internus is fused with the eiuieiis. It 
spj'ings from the lower two-thirds of the linea aspeia nnd from 
the septum betw'een itself and the adductor mngniis. The lower 
half becomes tendinous, and is inserted into the inner border of 
the patella and capsule of the knee joint. ^J’he vastus extern ns 
arises from tlie outer border of the linea aspera and from the 
npj:>er third of the septum between itself ami tlie bicejss muscle. 
It is inserted into the outer border of tlie patella. Thei e is a 
certain amount of fusion betw^eeii it and the crurens. Jt does 
not split the tendon of the gluteus rnedius as in the Chimpanzee. 
Ko snbcrtiretts w&H found. Fick (26) stales that the quadriceps 
is as in Man, and Hepburn (35) points out that it is not so easily 
separable into its component parts as in him. 

Thesartoriua is relatively weaker than in the Chimpanzee. It 
arises by a narrow aponeurosis from the ilium below^ tlie antenor 
superior spine, and it is inserted into tlie upper three- ((imrters of 
an inch of the inner border of the tibia. Between it and the 
gracilis there lie the saphena vessels and nerve, but no bursa. 
Fick (26) describes a more extensive origin from the ilium, and 
its insertion lower clowm between the upper and middle thirds of 
the tibia. Langer (46) states that it is inserted into the deep 
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fiuscia of the leg. And Beddard (6) describen a slender muscle 
with a broad teinUnoiis insertion into the tibia above the gmcilis. 
and senntendinosus. Jn my specimen it receives a large nerve 
close to its inseiiion. 

The ifracills is not adherent to the sartorius as it is in the 
Chimpanzee. It arises by an aponeurosis from the front of the 
symphysis and upper part of the ascending ramus of the pubis. 
The tibres end in a narrow ti^ndon, which afterwards expands to- 
be inserted into the deep fascia and into the tlu’ee-quarters of an 
inch of the inner Ixunler of the tibia immediately distal to the 
insertion of the sartorius. 

The adductor louguf^ has a short origin from the pelvic brim on 
the horizont*d rniiius of the pubis. Jt is inserted into tlie linea 
aspera on tlie tliird quarter of the femoral sliaft. It is not at 
all fused with the more ventnd adductor magnus. Fick (26 > 
points out that it ari.'^es in the adult from an ilio-pectinetd 
tubercle. It is partly fused with the v.astus internus at its 
insertion. 

The adductor hrnds is under co\er of tlie adduct(»r longus and 
adduct(>r magnus at its origin from the front of the horizontal 
ramus of the pubis, Jt is inserted into the femur between the 
pectitUMJS and gluteus maximus. It is coaisely fasciculated, but 
not divided into bellies as in the Chimpanzee. 

The adductor inufjuvs \u\bi a very extensive origin from the front 
of the entire length of the symphysis pubis, the descending ramus 
of the puhi.s, ami the ischial tuberosity. The extent of the origin, 
which is (juite continuous, i.s similar to that in the other Apes, 
it divides into two part.s, whereas it is divided into three in the 
Chiinpan/ee. Tiie upper part, which is comparatively thin hut 
strong, is inserted into the middle two-fourths of the back of the 
shaft of the femur. The low^er part of the muscle is inserted into 
the hack of the shaft of the femur immediately behind the first 
part; it gives of! a strong fasciculus, wdiicli is inserted into the 
inner comlyle of the femur and the bone a short distance above 
it. 'riie two parts of the adductor magnus are fused in their 
middle parts, and the insertion of the upper parts of the muscle 
is in contact with the insertion of the adductor longus. Beddard 
(6) describes a muscle consisting of two parts, and Hepburn (35) 
points out that the Orang is the Ape in which the muscle most 
re.semb]es that in IMaii. The condylar fa.scieulus is crossed by the 
saphena vessels ami nerve, and sepamtea tlmm from the superficial 
femoral vessels dipping down to become the popliteal vessels. 

The peclineurs runs from the horizontal ramus of the pubis to 
the shaft of femur below- and behind the lesser trochanter and 
insertion of the iiio-psoas. It is closely opposed to the inner 
border of the afldnctor longus. 

The quadratua femoria arises from the outer part of the ischial 
tuberosity. Close to its insertion it splits into two parts, wliich 
are attached I'cspectively to the femur behind the lesser 
trochanter and above the pectineus and to the pectineus and Uy 
the back of the great trochanter. 
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The obturator extenim is much fts in Man. It is, liowover, 
closely related to the tendon of the obturator interims at its 
insertion into the digital fossa on the inner surface of the gi’eat 
trochanter of the femur. 

The tibialis anlioiis arises from the upper two-thirds of the 
anterior and lateral aspects of the tibia. The upper quarter 
of this origin blends with the extensor longus digitorum 
superficial to the extensor longus liallucis. A short distance 
from its origin it splits into two bellies, each of wliich has 
a stout ten(ion developed within it, like the shaft within a 
feather. Tims the splitting is greater than in the Chiinpauzee 
{72). One tendon is inserted into the medial aspect of the 
proximal end of the shaft of the first metatarsal hone ; and the 
other tendon runs to the plantar aspect of the internal cuneiform 
and joint-ca[Jsule. 

The extensor longus digitorum arises in its upper (piarter 
a-long with the tibialis anticus. it also arises from the upper 
two-thirds of the inner surface of the shaft of the fihula. Jt is 
inserted by four long tendons into the outer four toes. The 
insertions are triple in each case. Ijateral hands go to the base 
of the first phalanx. And a central bind, which blends with the 
fascia over the first phalanx, also runs to the second phalanx and 
first interphalangeal joint. Bands connect tlie tendons. 

The extensor longus hallueis rums from tl'.e upper three- 
quarters of the inner surface of the shaft of the fihula to tlm 
base of the terminal phalanx of the hallux. No strong lihrous 
pulley was seen as in the Chimpanzee. 

Tho peroneus tertias is absent. 

The extensor brevis digitorum arises from the os calcas bv four 
bellies which are sepamted by septa. The first one runs almost 
transversely to the base of the dor.siun of tlie first phalanx of the 
hallux. The others are insei*ted into the dorsal expansion of 
the tendons of the extensor longus digitorum of the index, 
middle, and fourth toes. 

The peromus brevis arises from the middle two-fourths of the 
front and outer surface of the shaft of the fibula, and is inserted 
into the base of the fifth inetatarssil bone. It is fused in the upper 
part of its origin with the peroneus longus and extensor longus 
digitorum. I did not observe the tendon divided into separate 
slips as Hepburn (35) mentions on the left side, but it divided 
into three on the right side, and these were inserted into the 
tubercle and base of the fifth metatarsal bone and to the 
expansion of the extensor tendo’n to the fifth digit. 

The peroneus longus arises from the upper half of the front 
and outer surfaces of the fibula. It is fused with the peroneus 
brevis and extensor longus digitorum in front, and wdth the 
flexor muscles behind. Tlie tendon has the usual course, and is 
inserted into the base of the firjst metatarsal bone. Its course 
across the sole is horizontal. 

The gastrocnemius has the usual two heads of origin. The 
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inner head rises from the back of the internal epicondyle of the 
femiir and posterior ligament of the knee joint. The outer head 
arises from the postero-lateral aspect of the external femoi*al 
epicondyle; it is thinner and wider than the inner head. There 
is in tliis specimen very little fusion between the muscular 
bellies, for the fibi-es are inserted into the sides of a long 
aponeurosis, wliich becomes the tendo Achillis lower down. The 
two bellies are of etpial length, whereas the inner one is the 
longer in tlie (lorilla and Chimpanzee. The fibres reacli down 
very close to the os calcis. 

The soleiis lais no tibial origin. It arises from the posterior 
aspect of the I'ead of the fibula by an aponeurosis which blends 
with the outer head of the gastrocnemius. Home fibres are fused 
with the snbj;\cent flexor muscle slieet. It is inserted into the 
deep as])ect of the tendo Achillis almost to the os calcis. 

The tendo Achillis is inserted obliquel}* in the os calcis, and a 
bursa intervenes between it and tlm bone. 'J'lie method of 
fixation pulls up tlie h(‘el and inner side of the foot and depresses 
the outer jinrt. 

The po/^litef/s arises hy a thin, strong tendon from the lateral 
epicondyle of the femur. It is triangular in .shape, and composed 
of coarse bundles vvliich are inserted into the popliteal line of 
the tibia and the bone above it. The innscle is about an inch 
long, I'here is no tiace of a division into two parts as in the 
Chimpan/ee (72). The nerve-supply is as in Man. 

'Chey/ea;or muscles consist of tibular and tibial paits, but a few 
fibres run betw*een them. They do not form a continuous 
stratum, hut Hepburn (35) states that they do. 

Tht\fh.)'or lotufus kallucis, which is better desciibed as tho 
flexor digitoriim lihularis of Ihigenstecher and v. Hardeleben, 
arises from the femiu* and fibula by two beads. One head 
arises from the external condyle of the femur and the external 
lateral ligament of the knee joint. The other springs from the 
head aiul upper half of tiie shaft of the fibula, and fibres blend 
with the j)eroneal luuwcles. The fibres end in a pt>werful tendon, 
which breiiks up into slips wdiich are inserted into the third 
and fourth digits. Hepburn (35) and Tick (26) give the 
insertion as the third anti fourth digits, no temlon going at all 
to the Imllux, They give a more limited oiigin to the muscle 
than I have described above. 

*£he Jiexor longm dhjitornm^ or flexor digitoriim tibialis, arises 
from the upper two-thirds of the inner surface of the slmft of 
the tibia, and its tendons are inserted into the secoinl, fourth, 
and fifth toes, the temlon to the fifth toe being slender 
Hepburn (36) and Tick (26) give the insertion as the second and 
fifth digits. 

From my own observations and from the recor<ls of other 
writers 1 have come to the conclusion that there is individual 
variation in the disposition of the tendons of the flexor fibulari.s, 
flexor tibialis, and flexor brevis digitoriim. 
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The tibialis posticus arises under cover of the flexor musclea 
<ie.scribed above, and tiie origin is much as in Man and tlie other 
Anthropoid Apes. It is inserted into the under surface of the 
scaphoid bone and sheath of the tendon of the peroneus longus. 
The scaphoid insertion is spread out over the bone. 

The abductor hallucis has a strong belly and a cord-like tendon. 
It arises from the inner aspect of the os calcis, and its outermost 
fibres are blended with the innermost fibres of the flexor brevis 
digitoruni. It is not in contact with the abductor minimi digiti 
as Hepburn (36) points out. The tendon is inserted into the 
base of the first phalanx of the hallux. Hepburn describes the 
muscle as receiving fibresi from the internal annular ligament and 
inner side of the foot as far as the scaplioid ; and these fibres go 
to the inner side of the proximal part of the first metatarsal 
bone. In my specimen these fibres are absent. 

The flexor breris digitornm arises from the front ami inner 
jispect of the os calcis, and it is parti}' overlapped by and fused 
with the aV)d actor hallucis. It gives two slender tendons to the 
second and third digits. Hepburn (35) mentions three tendons 
to the second, third, and fourth toes, the latter being a mere 
adjunct to the flexor longus digitonim. The origin of tlio muscle 
shows a tendency to division into superficial and deep ))ellies. 

The abductor viwimi digiti has a long origin from the greater 
part of the length of the os calcis and tlie sheath of the tendon 
of the peroneus longus. Its long tendon is inserted into the base 
of the proximal phalanx of the fifth digit. Ko other in<*ei'tionH 
were detected in this animal, timugh Hepburn (35) descrilK's 
other attachments. 

The Jlexor breris hallucis^ as Hepburn (35) fully describes, 
consists of a lai*ge inner and a small outer head, the former being 
similar to that described in my paper on the Chimpanzee (72), 
only the insertion is longer. 

The flexor brevis minimi digiti runs from the [dantar aspect of 
the fifth metatarsfil bone and sheath of the peroncMis hmgu.s. It 
does not receive a slip from the base of the fourtli metatarsal 
bone as described by Hepburn (36). ft is iraserted into the outer 
side of the base of the proximal phalanx of the fifth toe. 

The opponens minimi digiti is not present as a separate muscle. 
Fick (26) an<l Hepburn (36) pointed out that it is absent. The 
accessorius is also absent. 

The adductor hnllucis arises from a raphe extending along the 
plaiktar aspect of the third metatarsal bone f^’om tl)e tarsus to 
the raetatarso-pbalangeal joints; and the posterior limit of the 
muscular origin is the tendon of the peroneus longus. The in- 
K6x*tion and division of the muscle into transverse and oblique 
parts are as in the Chimpanzee (72). No other contralientes are 
present. 

Interossei : — Four dorsal and three plantar muscles exist, and 
the basal line as regards their action runs through the third 
digit. The only point of special note is the inner head of the first 
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dorsal interosseous muscle, which arises, according to Hepburn (36), 
from the internal cuneiform bone. In my specitnen the aiTange- 
iiients are similar to tliose described by Hepburn. 

lAimhrical-ea — The first, third, and fourth muscles arise from 
the tibial aspects of the long flexor tendons, and the second 
springs from the adjacent sides of the first and second long flexor 
tendons. The insertions are not peculiar. Other authors 
describe similar armngements. 

The Joints. 

Tempcro-maiHlihnlar Joint 11 E): — The glenoid cavity 

is shallower than in Man. It is bounded behind by a large post- 
glenoid process, hut there is no marked eminentia articiilariN in 
uoni. The large post-glenoid process presents the mandible 
from having such a close relation to the external auditory meatus 
as in Man. The joint has a delicate capsule. The eHenml 
iateral lUjammt (E.L.L.) forms a triangle with the base attached 
to tlu^ zygoma. It is not divided into anterior and {K)sterior 
})nrts as in Man. Tlie fibres sweep downwaids and backwards, 
jirid some run down along the posterior bolder of the ascending 
ramus of the mandible. The stf/lo-nmndihidar ligament (S-M.L.) 
is rejuesented by several strands attached higher up than in 
Man. On removing the capsule and external ligament the 
articfdar diftc n{>pears. This is a very thin lamina of cartilage 
attached to the capsule. It is not perforated. Tlie upper surface 
is almost flat, and the lower surface is concave. It fits closely on 
to the condyle of the mandible. No fibres of the external 
pterygoid muscle pass into it. Tho capsule is tliinner internally 
than on the front, back, an<l outer sides. The spheno- mandibular 
ligament is deli<*ate. Fick (26) states that the joint is as in Man. 

Canto-- rertehral Joints (text-fig. 11 Act D): — In this young 
animal the capsules are lax. The anterior cost o~ vertebral ligament 
(A.C-V.L.) difl'ers from that in Man and tlie Olnmpanzee (72). 
Tt has only the inferior part strongly develojjed, the rest of tlie 
ligament being cora|X>sed of short, weak fibres. Within the 
capsule an inierariic'ular ligament (I-A,L.), running from tlie liead 
of the ril) to the lateral sux’face of the intervertebral disc, divides 
the cavity of the joint into upper and lower parts. When the 
rib is removed, it is seen bow the inter-articular ligament passes 
to the bead of the rib between two oval articular cartilages (A). 
The eosto- fra, ns verso articulation has a synovial membrane and 
mpsule. The superior costo-transverse ligament (text-fig. 1 1 D. 
8.0-T.L.) is a sti-ong radiating band running from the neck of 
the rib to the lower border of the tinnsverse process above. It 
blends with the anterior casto-vertehral ligament of its own bead 
and with the ciipsule of the costo- transverse joint above. The 
middle and posterior costo-transrerse ligaments are not easily 
defined, particularly the latter. No superior costo-transverse 
ligament runs from the first rib. 

Proc. Zool. Soc. — 1924, No. XXYl. 
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]nUr-\mrtehral JoiuU : — The mxierior common liyayneni has the 
i^me extent and characters as in Man. It is particulai’ly strong 
and mixed with dense connective-tissue fibres in the lumbar 
region. It receives fibres from the costo-oeutral ligaments. The 
supraspinous liganmU is weak iu the ilorsal region, and it is 
sometimes impossible to detect it, for the spinal muscles ai'e so 
(jlosely related to the spinous processes. It is well marked in the 
lumbar region. No liyameiUum nuck (0 exists. The interspinous 
ligaments are short and the inter transverse ligaments are delicate. 
The posteHor common ligament (text-lig. II B tt" C) runs as in 
Man. It is, however, wider over the centre than in him, and the 
pitKsesses over the deep surfaces of the intervertebral discs are 
narrower. The hgamenta snhfiara have the usual elasticity, and 
the capsules of the iuterneuml joints are as in Man. 

Text-figure 11 




The spinal, costal, temporo-tnaiidibular, aud carpal Iipranieiit«!. O.M., os ma^ntini ; 
T.M., trapezixun ; T.Z., trapezoid ; P., uncifomi hoin*. Other letUTs in text. 


A tlnnlo - axokl Joint : — The atUerior atlanl<y - a.rovf ligatnent 
(text-fig. 11 G, A.A-A.L.) runs from the front of the axis to the 
anterior aioh of the atlas. It is powerful and pointe4l. Its lia»e 
runs below into tlie anterior common ligament. AlK)ve it is 
connected to the anterior atJanto- occipital Jii;ament. The 
posterior* oUlaftto-axoid ligament (P.A-A.L.) corresponds to the 
ligamenta subflava elsewhere. It does not possess a series of 
strengtliening or accessory bands as in the Ohimpan^ee ( 72). The 
capsular ligament of each atlanto-axial joint i.s strengthened by 
an accessory hand (A.L) running fiom the deep surface of the 
lateral mass of the atlas to the upper edge of the body of the 
axis. 

Occipiio-^lantal Joint (text-fig, 11 G): — The anterior oedpiio^ 
atlanial Ugament is a thin membrane running from the antefjor 
arch of the atlas to the anterior margin of the foramen magnttm. 
Laterally it is continuous with the capsules of the joint l>etweeD 
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the occipital condylee aiul atlag. It has a strengthening baud on 
•each able of the middle line, but there is a single median band iu 
Man. The posterior oeeipito-ailantal ligmnent (P.O-A.M.) i« also a 
membrane. It is continuous laterally with the c^ipsular ligaments. 
Below it is fixed to the upper border of the posterior arch of the 
atlas, and above it is attached to the posterior border of the 
foramen magnum. Jt is very short from above downwards, and 
it is not to l>e mistaken for a sheet of hiscia running from the 
arch up to the tleep surface of the rectus capitis posticus juajor 
and the occipital bone under cover of it. This sheet receives 
strong additions froth the anteidor border of the spine of theaxis 
vertebra (text-fig. 1 1 G, M EM.). Ktroug fibres run from the spine 
of the axis to the atlas and membrane. 

On the posterior arcli of the atlas on its upper border there is 
a small tul^ercle pointing latemlly. To it is attaclied a strong 
ligament which is cmine(;te<l to the lateral mass of the atlas, the 
]>ostei*ior occipito-atlantal inembmne, the capsule of tiie cinnio- 
vertebral joint, and the occipital bone. It completes a small ring 
through which the vertebral artery (V.A.) can be seen {text- 
fig. 1 1 G). 

The crivciaie liganunt has no superior crus, but the transverse 
(T.L.) and inferior parts {!.('.), paiiicularly the former, are 
strong. TIj6 middle odontoid and check ligatnenis are short, for 
the odcmtoid proc»ess protrudes for a small distance into the 
posterior cranial fossa. 

The inferior ai^ticnl.nr surfaces of the atlas are as iti Man. 
whereas those in the Ohimpaiiisee differ, l>eing reniform like flu? 
superior articular surfaces (text-fig. 12 A). 

Scapular Ligaments \ transverse scapular ligament is 

beginning to ossify in this young animal. The spino-glenoid 
ligament is absent. 

Acroviio-clacietdar Joint : — The acromio-clavicular ligament is 
composed of strong fihi'es, particularly those at the bottom. 
Fibres of the deltoid and trapes^ius are attache<l to the ligament. 
No iuter-articultti* fibro- cartilage exists. The whole joint is 
i*elatively stronger than in Man. 

Tlie coraeo-fwromial ligament anses from the greater part of 
the lateral side of the coracoid pitxjess ; and it splits into two 
parts. One ]>Rrt is inserted into the under surface of the clav icle 
in its outer ninth, overlapping the trapezoid ligament. The other 
part is attached to the upper surface of the acromion, and 
strengthens the acromio-clavicular ligament. No sub-acroinial 
bursa was seen. 

Coraeo^clarieidar Ligament : — The trapezoid pa it arises from 
the upper and lateral aspect of the comooid pi'ocess ; its insertion 
is split. The conoid ligament is aa in Man, and there is a bursa 
between it and the trapezoid ligament. Fick (26) states that it 
is difficult to separate the component parts from one anotlicr. 

The coraco-huniercd Iz^nient is weak. It runs to the fovea 
and the sheath of the subecapularis. 

26 * 
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Speaking general!}**, the ligaments of the shoulder girdle are 
stronger than in Man. The coracoid process is mobile in this 
animal, and articulates by a globular expansion with the scapula. 
Fibres of the shoulder capsule help to form ligaments of a coracp- 
scapular joint. 

ShovMer Joint : — The capsule is attached to the humerus and 
scapula as in Man. The superior gUno-hxmeral ligavnent is well 
defined, ljut the middle and inferior ligaments were not detected 
with certainty. The lah*um glenoidak is represented by a slight 
thickening lound the entire scapular articular cartilage. No 
trmisverse humeral ligament exists. The long head of the hicepn is 
attached to the cartilaginous articular surface of the scapula, 
no tubercle being as yet present. It is also connected to the 
synovial sheath. 

Rlboxo Joint : — The capsule receives, and is strengthened by, 
fibres of the triceps behind and the brachialis nnticus in froiit. 
Many fine arterial branches are seen ramifying on the back of 
the capsule; these lie among fat which lies between the triceps 
and capsule. The capsule is attached above the coronoid fossa, 
and crosses the humerus almost horizontally from condyle to 
condyle ; it is attached below to the margins of the coronoid f)ro> 
cess and orbicular ligament. Posteriorly the attachments .are as 
in Man. The fibres run in all directions. The external lateral 
ligament is as in Man, but it is relatively weaker. 'Fbe inter nrd 
lateral ligament consists of a sti*ong anterior part and a we.ak 
posterior part. No transverse ligament exists. TJ)e o?hiciflar 
ligament is of great strength. The oblique cord is as in Man. 

Fick (26) points out that the axis of the joint is such that the 
forearm comes to lie on the chest in flexion. Exteiusion is not 
complete as in Man. 

The inferior radio-ulnar joint has a strong palmar ami a weak 
dorsal ligament connecting the radius and ulna. 

Rad io- carpal Joint : — The lateral ligaments are as in Man, hut 
the internal one is strongly reinforced hy .a ju’olongjition of the 
sheath of the flexor carpi ulnaris over the pisiform hone. I'he 
posterior ligament is as in Man. The anterior ligament contidns 
oblique fibres running downwards and inwards from the radius, 
and straight fibres descending from the ulna. The recessns sacci- 
formis is exceedingly well marked and large, as is the discus 
m*tk,ularis. 

Carpal Joints : — The dorsal ligaments radiate from a centre at 
the 08 magnum as in Man, whereas they do not do so in the 
Chimpanzee (72). The palmar ligaments are as in Man. The 
pisiform bone gives attachment to strong piso^metacarpal and 
weak pisoJiamate ligaments. The interosseous ligaments of the 
proximal carpal bones are as in Man. In the distal row of 
carpal bones, interosseous ligaments connect tlie four elements 
together. The ligament from themneiform to the os magnum is 
deep ; but the ligament from the os mAgnum to the tinpezium is 
more superficial, and is united to the head of the trapezoid bone 
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^text-fig. 11 F). The interosseous ligament runs from the tra- 
pezium to the scaphoid. The synotnal canity forms one sac only. 
The collateral ligaments are as in Man, but the external one is 
very strong. 

Carpo-nietacarpal Joints \ — These have palmar, dorsjil, and 
interosseous ligaments. The first joint is as in Man. Tlie bases 
of the metacarpal bones are connected together by dorsal and 
pnlmar transverse metaciirpal ligaments. 

Metacarpo phalangeal Joints : — These are as in Man. 


Text-figure 12. 



The joints. A, nrticiilat processes of flu* atlas in the Chimpanzee (ft) and Oranf? 
(i). H, acctnlmluiii : (\ saoro-iliuc joint nixmcd (L., lipaineiits; H., aiti- 
cular Mirface ; A HT.C A IIT., articular cartilupi ) : D, Inee joint of the 
Oraug opened from the front tIj.P.A,, intcniiticiilar lijramcnt) : K, knee 
joint of the Orang: opened from Whind. Other Ictteis in text. 

Inter-phalangetd Joints: — The capsules are themselves weak, 
but tile prominent ones are strengthened by connections with 
the sheitths of the tendons pnssing over tliem. The internal and 
externnl ligaments are as in Man. 

Luniho-saeral Joint : — Tlie ligaments are as in Man, except that 
no lateral him bo-sacral ligament exists. The joint between the 
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centre ia not so prominent as in Man, owin^ to the tliinness of 
the intervertebrnl disc. 

Cunningham ( 10 ) has sliown that the amount of consolidated 
lumbar curvature is inversely proportional to the degree of exten- 
sibility of the hip joint. Thus the Chimpanzee hns a good lumbar 
curve, and the hip can he extended till it forms an angle of 13P, 
open forwards, with the long axis of the back. In the Gibbon 
the curve is less and the angle is 146°. In the Orang thei'e ia 
practically no curve, and the hip can he extended to form an 
angle of 153 , open backwards, with the long axis of tlie back. 

The sj/niphi/sis pubis has the usual ligaments, hut the posterior 
and superior ligaments are poor. 

Lumho-iliac and SacroAliac Joints: — In tliis very young 
animal there is considerable mobility of the iliac bones on the 
sacrum. The lUo luothar ligament is a strong hand running from 
the tip of the fourth lumbar transverse process to the inner 
border of the iliac crest. The fibres of the inferior ilio-lumbar 
ligament are poorly defined. The anterior sacro iliac ligament is 
of great strength. It courses as in Man and the (Uiimpanzeo 
(72). The bnmls running along the pelvic brim are very notice- 
able. I'he short posterior sacro iliac ligaments are veiy )K>orly 
<lefined indeed, obJigue. posterior sacro-iliac ligament difleis 
from that in Man and .the Chimpanzee. Jt is a strong coid 
running from the posterior inferior iliac spine to the side of th(‘ 
coccyx, and it is bouiul fo the sacrum on the way. In ]\l.'in 
its upj^er attaclmient is the posterior superior spine. Tlie <freat 
sacro-sciatic ligament is present. Fick (26) states that it is 
absent. The small sacro-sciatic, Ugam eat is al)sent. On cutting 
into the caj)sule of the sacro-iliac joint (text-lig. 12 the 
fiwicrum is seen to have a stronglv convex, crook-sliaped nrticulai* 
surface, whereas the ilium is hollow and inc()m))!ete]y covered by 
cartilage. Tlie hollow of the ci'ook lies ))Osteriorlv, and intei*- 
articnlar and capsular fibres are attached to tlie bone within it. 

/Tip Jofnt (text-fig. 12 C) : — Tlie head of the femur is small 
and globular. The joint has a con.siderable range of movemeni, 
and the relation of the extensihility to the lumbar curvature has 
been described above. The capsule is lax, but its attachments 
are much as in Man. The ilio-femoral ligament is not a distinct 
\ -shaped band as it is in 3Ian. It is represented by small fibres 
radiating from tJie region of the anterior inferior iliac spine to 
the capsule and anterior intertrochanteric line. It could not 
check the body from wiling backwarils if the body were erect 
as it does in Man. The puho-capsnlar-ligament consists merely 
of thickened fibies of the capsule. The capsule is strongest 
posteriorly and inferiorly. The cotyloid ligament is very thick, 
and the transverse acetabular ligament is long and wide marked. 
The ligameiHum. teres is absent, and most authors descrilie 
it as such. The acetabvlar artic^plar surface <lifreT:s fixmn that in 
Man. In Man there is a libboit'like hand of cartilage extend- 
ing from the brim of the cavity, but it does not cover the 
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door of the cup ; it is widest on its supero-posterior aspect, and 
narrowest at the anterior margin of the notch. In the Orang the 
upper half of the cavity is covered with a hemisphere of cartilage^ 
iind the lower quarter by a small are. Between them is a bi-oad 
strip of floor devoid of cartilage. The cotyloid ligiurient is 
attached all round the outer margin of the articular cartilage. 
Ihtinamla are absent. But there is a thin fatty layer consti- 
tuting the so-called Karerman gland. No synovial bursap exists. 

Knee Joint (text-fig. 12 D<fcE): — In this dead animal with 
the muscles intact 1 was unable to fully extend the knee joint. 
^Vholiganientum patella^ strong. It lias tlie usual attach- 

ments. Oil each sirle of it there is a lateral patellar ligament 
(La.L.P.), which is an expansion of the tendon of one of the 
vasti muscles. Tlie intermit lateral patellar ligament is weaker 
tlian the outer one. The posterior ligament is best studied by 
l>atting tension on the temlon of the semimembranosus. The 
ligament uin posticuiu Winslowii passes from the deep surface of 
llie tendfin acro>s the hack of the knee capsule, and some fibres 
pass to the popliteal surface of the femur al)o%’e the internal 
condyle. From the hoiizontal central hand fibres pass upwards 
and downwards to the popliteal surface of the femur above the 
intercondilar notcli, the extemal condyle of the femur, and the 
posterior border of the tibia. The popliteus muscle arises from 
it so it lias no tunnel for the muscle as in Man. The lateral 
o/* Me liave the same attachments as in ]\Ian, hut 
the internal one i.s not so detinitely dividenl into anterior and 
posterior portions. 

When tlic joint is ojiened, it is seen that a stout inter-articular 
ligament connects the decji surface of the ligamentum patellfc 
(L.P.) to the intereondylnr area on the front of the femur. The 
anterior cruciate ligument (A.O.L.) is nari'fiw, thin, and strong. 
Above, it is attached to the external condyle and the femur 
between llie condyles. Below, its fibres are attached to the tihial 
spine, the mesial parts of the two articular surfaces, and the two 
anterior cornua of the semilunar cartilag€*s. The posterior crnciate 
li fament ( P.C.Ij.I is thicker than the anterior cruciate ligament. 
Jt arises from the upper surface of the tibia beliind the spine, 
and it is inserted into the lower part of the non-articular outer 
surface of the internal condyle of the femur. Behind it lies the 
tense cord-like ligament (E.S.O.L.) connecting the posterior horn 
of the external semilunar cartilage to the internal condyle above 
the posterior cruciate ligament. The posterior cruciate ligament 
is connected by tibres to the po.sterior cornua of Inith semilunar 
cartilages. The tramverse ligament ^ which is not strong, connects 
the two semilunar wirtilnges (T.L,). The internal smnihmar 
cartilage (T.8.C.) is semicircular. Its anterior cornu is attached 
idfisely to the non-articular area on the tibia, in front of the 
anterior cruciate ligament, but it receives some fibres from the 
ligament. The posterior cornu is attached to the non-articular 
surface on the head of tlie tibia in front of the attachment of the 
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posterior cruciate ligament. Fibres pass into it from the posterior 
ligament. The capsule and internal lateral ligament are attacbe<l 
i»o its side. The exier'iial semilunar cartilage (E.18.0.) is semi- 
circular. Its anterior cornu is attached closely to the non- 
articular surface of the head of the tibia in front of the spine, 
and it receives a strong band from the anterior cruciate ligament. 
The posterior cornu receives ribres from the jiosterior cruciate 
ligament, and is connected by a sti-ong, cord-like ligament to the 
external condyle of the femur. It is thus evident that the carti- 
lages have shorter cornual connecting bands than in Man. 

The external cartilage is semicirciiha* in ]\lan and the Orang, 
but the cartilage and its cornual ligamentous bands foi-m an 
almost complete circle in Man. In the Uhiinj)anzee and Gorilla 
the external cartilage forms a complete cartilaginous circle. 

No infrapatellar pad of fat and ligamentnm mumsnm exist, but 
the lateral alar ligament (L.A.L.) is powerful. The internal alar 
ligament {I is weak. 

The superior tibio-Jibnlar joint has anterior and posterior tibio- 
fibular ligaments, and dense fibres connect the head of the fibula 
to the capsule of the knee joint and extei iial lateral ligament. 

The in ferior tibio Jibalar joint Ims no well-dotined ligaments. 
The bone.s are held (irmly together, and the interosseous membrane 
of the leg, which is very narrow, forms part of both tibio-libular 
joints. The low’er end of the fibula is slightly on the anterior 
aspect of the lower end of the tibia. 

Anhh -This joint has been studied by Aehy (3) and 

Fiok (26). The anterior ligament is a very thin niemhrane run- 
ning from the lower Imrder of the tibia to the upper bonier of 
the head of the astragalus. It does not cover a pad of fat as in 
Man. posterior ligatnent runs between the afljacent borders 
of the tibia and astragalus. It also gains attachment to the 
lower end of the fibula, thus helijing to complete the inferior 
tibio-fihular joint. It is very strong all over, and has no definite 
strengthening bands as in Man. The extenud lateral ligament 
consists of two parts corresponding to tlie anterior and median 
fasciculi of the tripartite ligament in JNIan. Tlie short anterior 
part runs from the anterior border of tlm outer malleolus to the 
astragalus. The middle part consists of two very powoiful bands 
running from the tip of the external malleolus to the outer side 
of the os calcis. Nothing coiTesj>onding to the postei ior fasci- 
culus in* Man exists. The internal lateral ligament runs from the 
internal malleolus above to the scaphoid, astragalus, and os calcis 
below. It is not divisible into several bands as in Man, but 
there is one very thick band running from the malleolus to the 
inner aspect of the scaphoid bone. 

Intertarsal Joints : — The tarsal bones form seveml joints and 
the ligaments are numerous. The talo-calcanean joint has the 
following ligaments: — 1. Anterior, external, posterior, and 
internal talo -calcanean ligaments, which are just detected with 
difficulty. They close the joint on all sides. 2. The interosseous 
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talo-calcRiieau ligament is a strong bond of union between the 
bones. The tah calcaaeo-navicalar joint has strong ligaments, 
but in this young animal they cannot be separated into special 
bands as in Man. The caloaneo- cuboid joint has a strong capsule, 
the strongest part being on the plantar aspect. External, 
inferior, internal, and dorsal ligaments are thickened parts of the 
<;apsule, but the internal one is har<l to detect. Tlie long and 
i^hori plantar ligarnsnU fire absent in this young animal. 

A dense librous mass covers the plantar aspect of the astragalo- 
scaphoid, swipho* cuboid, ami cuneiform joints, but this cannot 
be divided into definite ligaments. Tl»e tendon of the peroiieus 
longus is connected to this mass. A strong band runs Iroin the 
scaphoid to the base of the first metatarsal bone, and this is 
the most obviovis separate biind. 

'Fhe tarso-inetatarsal, metatju’so-phalangeal, and interplialangeal 
joints sh{)W nothing peculiai-. They are built on the same general 
plan as in Man, but the individual ligaments aie not so easily 
separated. The joint between the internal cuneifoim and first 
metatarsal bones is very free. 


Sole OH tlie Pterion (text4ig. 13 A). 

As the skeleton Inis frequently been described and figin‘ed, no 
useful j)iirpose is served to-day by descriptions of the bones of 


Text -figure 13. 



The hones of the ovhit in the Ornng (A), the \ery younjf Orans (b)i Rad 
Man (C). The figures <i, ft, c represent variations iu the ptenou in the 
Oning. A., alisphenoitl ; F., frontal hone ; I-O.F., infraorbital lotainina ; 
l.O.F., inferior orbital fiRsiire; F.Z.N., fonunina for /ygoinatic branches of 
the maxillary nerve; N.D., iiasodnchryinal duet; O.F., optic fommen ; 
F., parietal hone ; S., squamosal ; S.F., sphenoidal fissure. 
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8ing)e animals : but any 8[>ecial point Bhoultl be noted. Various 
data are included above with the muscles and joints, so tlie present 
section is rehtrict€‘d to the pterion. It is usually stated thnt the 
parietal an<l alisphenoid ai*ticulate and separate the frontal and 
squamosal from one another, This is the case on both sides in 
an adult skull in tr>y collection. In a skull of a 3''Oimg animal, 
which was changing:; from the milk to the permanent dentition, 
the frontal articulated with the squamosal to different degrees 
on each side. This skull (No. 49 A) is in the Museum of the 
Royal College of Surgeons of England. In no (>i‘ang skull have 
I yet seen a Wormian hone in the pterion such as there is in the 
skull of a young C9iinipanzee in my j^ossession. 


OuuANS OF Dic;estiun . 

The lipfi are thick and protrude over tbe prognathous jaws. 
They are also very loose, and tlie animal converts the lower lip 
into a capacious trough during drinking. The fronnla are short, 
and there is no philtrum. I'}u‘ mucosa is studded by the orifices 
of numerous glands. The oral vestibule cun be made ciipacions ; 
and its lining mucosa has numerous small papilhc besides the 
salivary papilhe. No large folds of mucous moinbraneare present, 
and there are no cheek -pouches. 

Toiujoe : — In a former paper (70) T described the tongues of 
several animals, and J reviewed tlie literature. 1 pointe<l out 
that of all Primates tlieOrang resembles Man mosl closely" in the 
lingual characters; there are no largo conical papilla? on the base 
of the tongue, the vallate papilla? form a V, there are no frenal 
Jamelbc, the plicic are small, and the apical gland of Nuhn is 
present. 

Palate : — The mucous membrane of the hard palate is bluish 
in colour. It has an elongated incisive eminence ; and eight 
pairs of no(Iulate<l sinuous ruga? radiate from a median antero- 
posterior groove. Kick (26) points out that tlie rugie in an old 
animal ure not stronger tliaii in an adult Man, but that is not 
the case in this young one. Beddard (6) and Gegenbaur (28) 
describe or figure the ruga?, and it appears that they vary in 
number and appearance in different animals. The soft palate 
has no uvula, and this is characteristic of all Orangs ; all other 
Apes have a uvula. Many glandular orifices stud the mucosiv of 
both hard and soft palates. The palate and oral mucosa are not 
pigmented. 

(Esophagus : — The msopliagus is entirely behind the trachea 
in the neck, as in the Ghimpanzee. Its mncosfi has a few 
transVei-se ruga? in the upper cervical divi>ion, hut there are no 
ruga? in the Tower part of the neck. On histological examina- 
tion it is seen how there are two layers of musfcles—an outer 
longitudinal layer, whose fibres are shown in text-fig. 6, and an 
inner circular layer. There is no trace of the third longitudinal 
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layer, which was seen by rue in the Chimpanzee (72). The 
mucous membrane of the thomcic part of the cesophagus is totally 
devoid of riigte. 

The abdominal part of the (esophagus is short. 

The Stomach (text-fig. 14). 

The form diilers from that in the Chimpanzee, Corilla, and 
Man; but Flower (27) states that its appearance resembles that 
in the Chimpanzee. It has no fundus, the body has its long 
axis <lirected mainly proximo-distally, and the pyloric part i.'> 
conical, with the long axis parallel to that of the (esophagus. 
The pyloric sphincter is very obvious when the stomach is passed 
between the fingers. About the middle of the body there is a 
well-maiked notch on the greater curvature. The spleen is 
closely adherent to the greater curvature. 

Blood-sapphf : — Tlie coronary artery (C. A.) runs down between 
tlie layers of the lesser omentum. It gives off a well-marked 
icsophageal arteiy (O.A. ), which passe.s upwards on the front of 
the alMlominal part of the o*soj)hagus and runs through th(* 
(esophageal opening in the diaphragm. As the parent .st«?n] 
runs dow nwards. it gives branches to both surfaces of the stomach, 
and one bj ancli runs along the lesser curvature to the duodenum, 
where it anastomoses with the superior pancveatico-duodenal 
artery. The sjilenic artery gives ofi* the left, gastro-epiploic 
artery (L.(h-K.A.), whicli runs along the greater curvature 
la^tween tlu‘ two layers of the greater omentum. It supplies 
the tiorsal surface of the stomach and anastomoses with the 
pyloro-dmodcnal arteries. 

yercc-jiupjH f/ : — The left vagus supplies the stomach by several 
hranche.s (Jj. V.X.). The.se form a plexus, over the lower end of 
the <cso]»hai»us. FTom the plexus nerve.s pas.s to the anteiior ANall 
of the stomach, and others run along the lesser curvature as far 
as the pylorus. The right vagus gives branches to both walls of 
the stomach, and some run along the lesser curvature. 

Peritoneal Connections ', — The greater, lesser, and gnstro-splenic 
omenta are similar to those in the Chimpanzee (72). The girstro- 
j)hrenic ligament is short, broad, and strong. The snspeiif^ory 
nnisclc of the duodenum was not seen. 

When the stomach is o|>ened along the greater curvntuie it is 
seen how the cavity is partially subdivideil by a thick partition 
jutting down from the lesser curvature and connecting the 
ventral and dorsal walls of the stomach. It is continuous wuth 
the left wall of the pyloric antrum. The right or pyloric 
chamber is narrower tiian the left chamber, with which it 
couimunicates beloAv the partition. The mucosa of the left 
chamber .shows slight longitudinal folds, but it does not exhibit 
Iioneycombdike depressions. The pyloric si^hincter is a. widl- 
marked band. The very obvious pyloric antrum (P.A.) waa 
previously described by Handifort (65), 
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The Intestinal Tracts 

The duodenum describes the usual loop. Ft has no mesentery 
beyond the first part, which is ascending rather than horizontal. 
The hollow of the loop is small, hut it lodges a piece of pancreas. 
The mucous membrane in this animal is quite smooth, but some 
authors describe numerous valvulee conniventes. The biliary 
and pancreatic ducts open by a foramen, there being no bile 
papilla. 

The ileum and jejunum vary in calibre in diflerent parts, and 
the ileum passes horizontally into tlie ca»cum. The mesenteric 
root runs as in Man, and it gives an attachment to a ligament 
which runs to the dorsal peritoneum over the end of the abdo- 
minal aorta ; that ligament has a concave free edge jxnnting 
distally. The arterial supply comes from the superior mesenteric 
artery ; the highest branch anastomoses with the left gastro- 
epiploic artei v, and the lowest branch anastomoses with the 
ileo-colic branch of the superior mesenteric artery. These rami 
iutestini tenuis subdiviile more betw’een the layers of the mesen- 
tery than do the corresponding vessels in the Chimpanzee. The 
mucous mcmbrjuie is <juite devoid of folds or ridges. The villi 
are all quite small, atul no tnicoof Fever’s patches was observed. 
In the Chimpanzee there are four patches (72). 

The ileum and jejunum together measure 13 feet. 

The CiPcnm, wliicli is two inches long, is conicfil in shape. The 
vermiform appendix hangs down from the back of its aj>ex. The 
caecum has no mesentery, hut the appendix has a well-marked 
mesentery derived from the mesentery of the small intestines. 
Jn this animal the caecum is the only part of the large intestine 
which is not thickly covered with fat. The ileum enters the 
cjrcuni close to the origin of the appendix, but the longitudinal 
muscle bands which sacculate the colon cannot be tmced do\Mi 
to the appendix as in Man. The ileo-ca*cal orifice is not pro- 
tected by a valve resembling that in Man : the ileum pi*ojects 
into the ca'cum, ami its orifice lies under an archway of mucous 
membrane. The orifice of the appendix ywisses obliquely under a 
collar of mucous ineiiibrane. The appendix is inches long. 

The ascending colon^ which is short and capacions, has no 
mesentery. It has a thick deposit of fat in this animal. The 
transverse colon lias a long mesentery, and many appendices 
epiploica^ are attached to it. The descending colon is short and 
4lovoid of a mesentery ; and the iliac colon^ as in the Chimpanzee, 
has the longest mesentery. The ascending and descending 
colons are more capacious than the transverse and iliac colons. 
The rectum is straight throughout ; it is provided with a mesen- 
tery right down to the }»elvic floor, and numerous appendices 
epiploicsD are attached tci its walls. 

Blood-supplg of the Large Intestine : — The gut from the caecum 
to nearly the left end of the transverse colon is supplied 
successively by the ileo-colic, right colic, and middle colic branches 
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of the superior mesenterio artery, Tliese vessels nnastoinose with 
one another, and the middle colic artery anastoino.ses witli the 
left colic bivmeh of the inferior mesenteric ai terv. The latter 
supplies the left end of the transverve colon, the descending colon, 
iliac colon, and rectum by its left colic, sigmoid, and haamor- 
rhoidal branches. All these arteries bifurcate, and the halves 
form the anastomoses in the usual way. 

Mucoiis Membrane of the Large Jntestine: -In tlie o.coum and 
colon the mucous membrane has a few longitinlinal folds, hut it is 
much simpler than in the Cliimpanzce (72). 'i'he valves of 
Houston and Ball are absent. Well-mai-ked longitudinal folds 
are at the lower end of the rectum. 

Tlie large intestine from the ileo-cjecal valve to the beginning 
of the rectum is 4 feet long, and the rectum is 4 () inches long. 

BiKchoft'(7), Broca ( 9 ), Flower (27), Mayer ( 49 ), and llartinaiin 
( 34 ) have described the chamcfcers or dimensions of ditterent 
parts of the intestinal tiiict, and Herrmann (37) lias dealt witli 
the histology of the anal mucous membrane. 


Salivary Glands, 

The parotid gland (text fig. 2, P.d.) is very large, 'riu* base ig 
wrnpped round the lower boixler of the auricle, and tlie aj)€>r lies 
behind the angle of the jaw on the sterno-inastoid innwle. It 
is in contact below with the large submaxilhuy gland. Its 
component lobules vary in swe, and sevei'al glands lie on the 
surface. Histological examination shows that these are true 
lymphatic glands. The duct (8.D.) crosses the umsseter and 
suctorial pad of fat. It pierces the upper part of the hnecinator 
muscle. 

The gland covers more of the masseter than in the ( 'hinipanzee. 

The sahmaxillary gland (text-hg. 4) on each side is a globular 
body measuring an inch and a quarter in diamotei'. The two 
glands do not touch in the middle line. The duct lias the usual 
course. It opens on a papilla and not on a frenal lamella. 

The eablingual glands lie in the usual position. They are thin 
and triangular in shape, and their relations are as in the 
Chimpanzee. The ducts open into the anterior part of the floor 
of the mouth. 

The Pancreas, 

The general chaiucters and appearance are as in the Chim- 
^)anzee. The organ is deep black in colour and lohulated. It is 
also thin and flat. It is divided into the usual head, body, and 
tail ; hut no process runs up alongside the portal vein towards 
the liver. It receives its blood-supply from the liej>atic and 
splenic arteries and from the cceliac axis itself. The duct unites 
with the common bile-duct. The relations to the peritoneum 
are as in Man. The portal vein is formed within it in the usual 
way, although the pancreas is very thin. 
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The Liver 

Tiie liver is divided into two lobes without any trace of lateral 
fissures. The fossa of the gall-blndder divides the oi'gati into two 
nearly equal pirts. The umbilical fissure is bri<lged over by 
iiepatic tissue, and is concealed in consecjneuce. I'he left lobe is 
suialier than in AnthropopiUiscue and Jlylobatef^^ and is not more 
tlian one-fourth of the organ. The fiKsure of the vena cava is 
superficial. The Spigelian lolie is proinin^nit and sul»cylindi*ical, 
partly free on the left, and overlapping the poi tal liK&ure. The 
caudate lobe is partly free at its right extremity, which reaches 
nearly to the right maigin of the gland. The galhhladder, 
wdiich is eiongately pyriform, projects ventrally a short way 
iteyoud the free margin of the gland. Details of the structure 
of the liver are given by JWkow (4), Broca (9), (hamper (11), 
<>liapinan (12), Fick <26), Flower (27), and Saudifort (66). In 
H hitherto unpublished note Garrod points out that the liver 
varies in individuals in the degree of bridging of the uuibilictU 
fissure, the position of tlie fissure of the vena cava, and the 
prominence of the caudate lol>e. Using his method of expres- 
sing the characters of the liver, we get the following foruuilie : — 

Simla K3 > L8 > Sp. ^ 

Ihflnhates It > L > Sp. > V. 

Antkroi)opitbeciis 112 > L :> Sp. = C. 

In the (b)rilla, as is well known from the writings of many 
authors, the liver ])resents primitive characteis i!) the form of 
tissures, wiiicli are absent in the other Anthropoid Ajies. 

77/c Peritor^enm, 

From observations made on this animal and from the account 
of Chapman (12), it is evident that the cliaracters are similar to 
those which 1 have already described in the Chimpanzee (72). 

The BLtK)D. 

Gulliver (32) pointed out that the red blooibcorpuscles measure 


in diameter as follows : — 

Homo 1 /32<K) inch. 

Simla troglodytes 1 3412 „ 

Fiihec’m satyriiB 1,3383 ,, 

Jlylohaies hoolock 1 33()8 ,, 

„ leacogenys 1/3425 

.. raMesii 1 3589 ,, 


There is thus a gradual increase from the Gibbons up to Man. 
Nuttall has shown that the blood of the Ora-ng gives positive 
precipitive reactions of difiering degrees of intensity with the 
bloocf of the other Anthropoid Apes and Man. 
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Organs op Circulation. 

The pericardhim adheres extensively to the diaphragm. In 
this very young animal it is concealed, except for a very 
narrow^ rim close to the diaphragm, by the thymus gland (text* 
fig. 22). 

The heart (Pis. 1. <k II.) is 2 inches long from the i-oot of the 
pulmonary artery to the apex, 2 inclyes wide across the ven- 
tricular base, and inches ventro-dorsnlly at the ventricular 
base, Jt has the some form as in Man, and the apex lies behind 
the inner end of the fifth costal cartilage. The auricular 
appendages are small, particularly the left one; and the right 
appendix stretches in a tongue-like manner across the front of 
the ascending aorta. Bight Auricle : — The inteiior is much as in 
Man. The rnusculi pectinati in the appendix and anterior wall 
are very numerous and en<l above in a well-marked crista 
teiininalis. The Eustachian valve is very rudimentary, and the 
coronary valve is likewise jioor and incompetent. Hie fossa 
ovalis is ((uite closed; it i.s bounded by a uell-maikfd limbus. 
No tiace of tbe foiamen ovale exist.s. No distinct tubercle of 
Lower could be distinguisheil. 'J he endocai<lium ol tbe vena' 
cavjc and rnusculi pectinati is darker than in tbe re.^t of tbe 
auricle. Bight Ventricle: — The body of the ventiich* and the 
eonua arteriosus are not sepaiated from one another l>y a 
muscular ridge, hut papillary muscles cross the communication 
between them. The conus and body run <lown side by side in 
tbe ventricle as in Man, but the conus is mostly superior iu 
the Chimpanzee. Tn Man and the Chim])anz€e the lining of the 
conus is smooth, but it has columiiie carnea* of difioient kinds, 
^’he papillary muscles arise from an interlacing mass of muscle 
bundles on the right ventricular wall, and run separately to the 
cusps of the tricuspid valve. Several muscle hundles connect 
the right wall to the intervcntrhailar septum. Some ehordje 
tendineie arise from tlie septum. Jn tlie Cliimpanzee three 
papillary muscles form a strong bundle runuing to tlie valve, 
niul some very poweiful muscles eoniu’ct the se])tuni and riglit 
wall. The interventricular septum liad one l.irge and one small 
orifice (Pis. J. A ^ II. A) bringing the ventricles into communi- 
cation in this animal. The significance of this occnrreiieo is 
described on p. 445. The pnlinunary valve is not peculiar. Left 
Aurich : — Tlie appendix is occupied by rnusculi pectinati, and 
there is nothing to sliow' the position of the fossa ovalis of th<» 
right auricle. 

Jjpft Ventricle : — The walls have columnar carrieae lying on their 
surfaces. A few very small bundles run from the left wall to 
the interventricular septum. The long chord® tendine® tf) the 
mitral valve come from flat papillary muscles on the left wall. 
The aortic vestibule is not as smooth as in the Chinipanzee. 
Sandifort ( 65 ), Fick ( 26 ), and Chapman ( 12 ) describe the fona 
and size of the heart, and Ri^ge ( 63 ) deals with its position. 
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The Arteries, 

All accounts of the arteries are fragmentary, so the following 
detailed description will fill a gap in our knowledge of the 
anatomy of the Orang. 

The jnjJmoruiry artery has the same course and relations as in 
Man. The right artery divided into three branches. 

The aorta is relatively wider than in the Chimpanzee. It 
[)asse8 through the diaphragm at the level of the eleventh dorsal 
vertebra. It ends by dividing into the two common iliac arteries 
at the lower part of the body of the last lumbar vertebra. It 
decreases gradually in calibre till the superior mesenteric 
artery is given oflf, after which it suddenly becomes small. The 
branches are fewer than in Man, for there are two branches only 
from the arch, the phrenic arteries come from the cmliac axis, 
there are no suprarenal arteries, and the middle sacral artery is 
absent. The ductus arteriosus is closed. The branches differ 
in several ways from those which I have already recorded in my 
paper on the Chimpanzee; they are slightly more numerous in 
the Orang. 

The aortic arch (text-fig. 15 C) describes the curve, and gives 
off the innominate and left subclavian arteries from its summit. 
The positions are not absolutely identical with any of those 
described and figured by Keith (^44). In no Orang hithei’to 
examined have the vessels been seen to arise as in Man, the 
Gorilla, and some Chimpanzees. The closure of the ductus 
arteriosus in this very young animal is against Deniker’s view 
that it remains open till the end of the milk dentition (18). 

The coronary arienes (text- fig. 15AtkB) arise from sinuses 
as in Man. The left one divides into transverse and inter- 
ventricular branches. The interventricular branch runs down 
the anterior surface of the ventricles, turns round the right 
border, and ascends far on the posterior surface of the heart. 
It ends by anastomosing with the interventricular branch of the 
right coronary artery. It supplies the anterior surface of 
the left ventricle, and the posterior sui faces of both ventricles. 
The transverse branch supplies both surfaces and the left border 
of the left ventricle. The right coronary artery courses as in 
Man, and it likewise divides into transverse and interventricular 
branches. The transverse branch is minute, but 1 could not 
trace it to anastomose with the transverse branch of the left 
coronary artery. The interventricular branch anastomoses with 
the interventricular branch of the left coronary artery. It 
supplies the right ventricle. Small branches supply the front 
of the ventricle, and a marginal brand), which anastomoses with 
a branch of the loft coronary artery, is w^ell marked. Each 
coronary artery supplies an auricle and the coats of the aorta and 
pulmonary artery. 

The innominate arisry (text-fig. 15 0, I. A.) gives off the left 
common carotid artery (L,O.C.A.) and divides into the right 
Pboc. Zool. Soc.-*1924, No. XXVII. 27 
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common carotid (R.C.O.A.)and right subclavian (R.S.A.) arteries. 
The left common cai*otid artery arises higher up than in any of 
Keith’s specimens. It does not give off any thyroidea imn artery 


Text-figure 15. 



The heart from in frout (A) aud behind (B). C, the aortic arch and iti main 
branches. I-V.B.L. and I-V.B,R., interventricular branches of the left and 
right coronary arteries ; T.B.L., transverse branch of the left coronary artery ; 
A. A., axillary artery (the thick line separates it from the right subclavian 
artery) ; the transverse branch of the vertebral artery (V.A.) is described in 
the text as the muscular artery (AT. A.). Other letters in text. 

such as 1 observed in three Chimpanzees. The left eulclavidn 
n^rtery (L.S.A.) arises from the aortic arch very close to the 
innominate artery. In two Chimpanzees the arch gave ofi* two 
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arteries as in this anima], but in one animal there were three 
branches as in Man. In eleven Chinipanxees, Keith found two 
brandies arising from the arch ; in seven animals the branches 
were as in Man. In nine Gorillas, only one animal departed 
from Man in the arrangement of these branches, and Deniker 
( 18 ) came to similar conclusions. In the Gibbons the human 
arrangement does not exist. The course of the branches in the 
head and neck is given on page 401, and that in the human arm 
on page 403. 

Intercostal Arteries : — Eleven pairs of small intercostal arteries 
are given oft’ by the descending thoracic aorta. There is no large 
intercostal artery to the first space ns Eisler described in tlie 
Gorilla. 

The descending thoracic aorta also gives oft* OEJSophngeal and 
left bronchial arteries. No right bronchial branch was detected. 
'Ihe oesophageal branches anastomose with the well-marked 
msophageal branch of the coronary branch of the cceliac 
axis, which ascends through the oesophageal opening in the 
diaphragm. 

The aortic orifice in the diaphragm transmits the aorta and 
thoracic duct. It does not transmit the vena n/.ygos major as in 
Man. The calibre of the thoracic aorta is wider than that of 
the abdominal aorta after the latter has given off the coeliac axis 
and superior mesenteric artery. The ealibi'e is relatively, wider 
than in the Chimpanzee. 

Arteries of the Head and Neck, 

The common carotid arteries have the same origin, course, and 
relations as in the Chimpanzee, but no branches are present in 
this animal. In the Chimpanzee and Gorilla thyroid branches 
are given oft*. In one Chimpanzee it gave oft’ superior, middle, and 
inferior thyroid arteries, in a second animal it gave off* a superior 
thyroid artery, but it gave off* no thyroid vessels in a third 
aninial. Eisler (25) described thyroid branches of the common 
carotid in the Gorilla, In many lower Mammals the common 
carotid gives off* thyroid arteries. 

The external carotid artery (text-fig. 10 A-C) is encircled clo^e 
to its origin by the hypoglossal nerve, and the descendejis 
hypoglossi is given off* on the front of the ai^tery. It gives off the 
following branches: superior thyroid (S.T.A.), linguo-facial 
(L-F.A.), parotid (P.A.), internal maxillaiy (I.M.A.), superficial 
temporal (S.T.A.), posterior auricular (P.A.A.), occipital (O.A.), 
ascending pharyngerd (A.P.A.). It agrees with the other 
Catarrhini, except Man, in the possession of a linguo-facial trunk, 
and it difters from them and agrees with him in tJie separation 
of the occipital and posterior auricular arteries. It difters from 
all other Catarrhini, including Man, in the presence of a laige 
parotid branch. There is no special ascending palatine artery as 
in the Gorilla. 

27 * 
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The linguo-fcbeial trunk breaks up into lingual and facial 
arteries. It has no other branches. 

The Ungual artery has the same course and relations as in the 
Cliimpanzee, and it gives off the supra-hyoid, dorsalis linguae, and 
several lingual branches whose distributions are similar. 

The facial artery runs forwards and upwards under cover of 
tlm submaxillary gland, to which it sends branches. And it 
cimses the mandible and gets into the face at the anterior border 
of the masseter. In the face it first runs obliquely forwards and 
upwards to the angle of the mouth, where it disappears beneath 
the levator anguli oris ; in the lower part of the face (text-fig. 2, 
F.A.) it gives a single inferior labial artery to the muscles of the 
lower lip. It then passes horizontally in the superficial part of 
the orbicularis oris in the tipper lip, after giving off a small vessel, 
which ascends in the substance of the levator anguli oris. It 
ends by dividing into two vessels, which supply the upper lip. 

The snpeHor thyroid artery describes the usual downward 
course. It gives branches to the thyroid gland, the muscles 
attached to the hyoid bone, the fat and glands in the neck, and 
the hyoid musculature. Its mode of distribution difters slightly 
from that in the Chimpanzee. 

The occipital artery courses in general as in the Chimpanzee (72). 
The main difference between it and the artery in the Chimpanzee 
is that it arises sepamtely from the posterior auricular artery. 
In all other Apes there is an occipito-auricular trunk. In Man 
there is sometimes an occipito-auricular trunk, an<l sometimes 
the two vessels are sepamte. The Drang approaches Man more 
closely than do the other Ajies in the characters of these vessels. 

The ascending 2 )haryngeal artery differs somewhat from the 
corresponding vessel in the Chimpanzee. It runs perpendicularly 
upwards, giving off pharyngeal branches. It bends fonvardsand 
ends in branches to the palate, palato-pharyngeus, and pharynx. 
And it gives off a meningeal artery. In the Chimpanzee it ends 
as a meninsreal artery. In the Gorilla it is accompanied by an 
ascending palatine artery. 

The superficial temporal artery is a short, stout artery. It runs 
vertically upwards for balf-an-inch and, after giving off‘ small 
parotid arteries, it divides into tw'o branches, Onf3 runs directly 
upwards in front of the atuicle, but the other runs forwards and 
upwards into the scalp. The parent stem is relatively longer in 
all other Anthropoids. 

The internal maxillary artery (text-fig. 3) describes a curve and 
]msses behind the neck of the mandible. In the pterygoid region 
it is first horizontal and then inclines upwards. It disappears 
tlirough the spheno-m axillary fissure. It gives off the following 
branches ; — 

1, Two deep temporal arte^des (D.T.A.). The anterior vessel is 
smaller and more horizontal than the posterior one. They 
anastomose in the temporal muscle. 

2. Arteries to the suctorial pad of fat (S.P.F.). 



402 


DR. C. F. SONKTAG OK THE ANATOMY, 


3. Muscular arfceiies to the buccinator (B.A.), masseter (M.A.), 
au(i pterygoid (P.A.) muscles. 

4. Inferior dental artery (I.D.A.). 

5. Posterior superior dental artery (P.S.H.A.), 

6. Mid meningeal artery. 

After passing through the spheno-max illary fissure the artery 
turns upwards, and is later continued os the spheno palatine artery 
through the spheno-palatine foramen into the nasal cavity. It 
gives off the following branches from the fissure to the nose : — 

1 Descending palatine artery to the mucosa of the mouth, 
soft palate, and gums. It has numerous hranches. 

2. Ptery go-palatine artery to the roof of the pharynx. 

3. Infra-orbital artery. This vessel is not seen from the orbit 
in this animal, as no inferior orbital groove exists. It passes 
forwards along with the infra-orbital branches of the trigeminal 
nerve, and ends by supplying the skin of the cheek. 

4. Naso-palatine arteries to the nose, soft palate, and pharynx. 
These come from the spheno-palatine artery. 

I was unable to detect any trace whatsoever of the Vidian 
artery. 

The Internal Carotid Artery as in the Chimpanzee and Man. 

The ophthalmic artery (text-fig. 16 D & E) enters the orbit on 
the outer side of the optic nerve, and it may (ums over its upper 
surface to its inner side as in Man. After a short course it gives 
off a ciliary artery (C.A.), which divides into posterior ciliary 
vessels ; these run along the sides of the optic nerve, and one 
giv^es oflT the arteria retince centralis (A.R.C.), which passes into 
the inner side of the optic nerve (O.N.). A little farther 
forwards the parent stem gives off the recxirrent artery (R.A.), 
which passes backwards to supply the dura mnter in tlie middle 
cx’anial fossa. A large lachry mo- frontal artery arises from the 
left artery, but the right artery gives off a lachrymal arteiy. 
The lachrymo-frontal artery runs laterally and divides into 
lachrymal and frontal arteries, which diverge at right angles. 
The frontal artery (F.A.) describes a posterior curve and runs 
forwards on the upper surface of the levator palpebrie superioris 
(text -fig. 16 E), and it ends as in Man. The Ictchrymal artery 
(L.A.) runs forwards to supply the lachrjmjal gland, external and 
superior recti, and upper eyelid. Branches rIso accompany the 
temporo-malar nerve. I could not trace any anterior ciliary 
arteries os in Man, A well-marked meningeal branch (M.B.) 
runs bock from the lachrymal artery to the middle cranial fossa, 
and a small artery (M.A.) passes through the orbital roof to the 
anterior fossa. The ophthalmic artery is continued into a nasal 
artery (N.A.), which supplies the skin of the outer nose and 
eyelids. It also gives off a branch, which supplies the tissues of 
the orbit and the sheath of the optic nerve; it also gives off 
ciliary arteries. 
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A peculiar feature of the eye is the small size of the globe, the 
large riumber of posterior ciliary arteries, and the absence of 
anterior ciliary arteries; and this will be investigated histo- 
logically when fresh material becomes available. 

The ophthalmic veins run much as in Man. 


Arteries of the Thoracic Wall and Arm. 

The Subclavian Arteries (text-fig. 15 C) have the same course 
and relations as in other Primates. The branches differ from 
those in three Chimpanzees examined by myself, and from those 
in the Gorilla recorde<l by Eisler (26). The main bmnches are 
the vertebral, thyroid axis, internal mammary, superior inter- 
costal, and thymic arteries. They are therefore similar to those 
in Man except for the last-mentioned branch. 

The interned mammary artery (I.M.A.) runs as in Man, It 
divides into superior epigastric and musculo-phrenic arteries in 
the fifth intercostal space. It gives ofiT thymic and mediastinal 
arteries, and a minute intercostal vessel arises in each space. 

I'he superior intercostal artery (S.I.A.) crosses over the fii*st 
rib and enters the thorax. It supplies the first two intercostal 
spaces. 

Tlie vertebral artery (V. A.) is the largest branch. It enters the 
foramen in the transverse process of the sixth cervical vertebra 
along with filaments from the inferior cervical sympathetic 
ganglion. A large vertebral vein emerges behind it. It gives off 
a large branch (M.A.) to the levator scapular and serratus 
magnus. 

The Thyroid Axis ('l\A.) ascends and divides into inferior 
thyroid, tmnsverse cervical, and supra-scapular arteries. The 
inferior thyroid artery (I.T.A.) runs upwai^s and inwards, and 
ends in the lower part of the right thyroid lobe. It is absent 
on the left side. The transverse cervical artery (T.C.A.), after 
giving off small bmnehes to the muscles in the po.sterior triangle, 
curves backwards under the trapezius above the scapula. It 
gives branches to the trapezius and deep cervical muscles, and 
turns down along the vertebral border of the scapula as the 
posterior scapular artery (P.S.A.). The supra^scap^dar artery 
(»S-S.A.) courses as in the Chimpanzee and Man. It gives off 
acromial branches to the muscles in that region, the subscapiilar 
artery to the subscapularis, and supraspinous and infraspinous 
arteries to the corresponding muscles. The acromial branches 
and thoracic axis anastomose and supply the glands above the 
clavicle. 

The Axillary Artery (text-fig. 16) divides into the following 
branches ; — 

1, Thoraeico-acromial Axis (T-A,A.): — This vessel arises from 
the upper border of the axillary artery. It gives off pectoral n.nd 
acromial arteries, and is continued as a deltoid artery. 
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2. M%iBcular artery (0-B.A.) to the origin of the corAco- 
bmchialis. 

3. Clreumjlex Trunk (H.O.T.) : — This vessel is not combine<l 
with the snbscapular trunk as it is in the Chimpanzee. It gives 
off a small anterior humeral circumflex, and is continued as a 
large posterior humeral circumflex artery. The former passes 
under the origin of the coraco-brachialis and divides into several 
vessels which supply the muscles inserted into the front of tlie 
head of the humerus. The latter passes back over the tendon of 
the latissimus dorsi, and divides into two vessels which supply tlie 
deltoid. I did not trace an actual anastomosis between the two 
circumflex arteries, nor did a vessel pass up behind the long head 

* of the biceps to the shoulder joint. 

4. Subscapular Trunk (Su.T.) : — Small muscular arteries are 
given off to the subscapularis (Su.A.), teres major (T.M.A.), and 
latissimus dorsi (L.D.A.). The Imig thoracic artery (L.T.A.) also 
arises from the trunk ; it gives off branches to the latissimus 
dorsi, and divides into two arteries which diverge and supply the 
lower part of the serratus magnus. The trunk runs down on the 
deep surface of the subscapularis, and passes between the adjacent 
borders of the teres major and long head of the triceps. It gives 
off a fine muscular artery (M.A.) to the teres major and latissimus 
dorsi. It ends by dividing into circumflex scapular (O.8.A.) and 
thoraco-dorsal (T-D.A.) arteries. The circumflex scapular artery 
supplies the supraspinatus and infraspinatus muscles, and tin* 
thoraco-dorsal artery ends in the latissimus dorsi at the inferior 
angle of the scapula. I traced no communication between the 
terminal branches and the descending branch of the transverse 
cervical artery ; so there is no anastomosis round the scapula. 

The Brachial Artery (text fig. 17 A) is of considerable length. 
It extends fiom the lower border of the teres major to an inch 
distal to the internal epicondyle of the humerus. There it gives 
off the radial artery and is continued as the ulnar artery. 

It gives off fewer branches in the arm than in the Chimpanzee. 
The branches are as follows : — 

1. Muscular to the teres major, latissimus dorsi, and dorso- 
epitrochlearis (M 1). 

2. Muscular to the triceps (M 2). 

3. Muscular to the biceps and brachialis anticus (M 3). 

4. Muscular arteries to the brachialis anticus (M 4). 

5. Articular to the elbow joint (Artie. A.). 

There is no definite anastomosis round the elbow joint. 

The (text-fig. 17 B, R.A.) runs distally. At a 

point an inch and a half above the carpus it gives off the super- 
ficialis volie (S.V.)* It then winds round the radial border of the 
carpus, runs under the extensor tendons, and passes forwards in 
the interval between the index and medius. It supplies the 
carpus and the muscles between the pollex and index. At the 
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junction of the parent stem and the superficialis vola? the anterior 
radial carpal (A.B.C.) is given off to the front and side of the 
carpus. 

The mperjicialia voice (text-fig. 17 B, S.V.) forms the super- 
ficial palmar arch with the ulnar artery. And the following 
branches are given off from the arch and the terminal parts of its 
constituent arteries 1 . Arteries to the thenar muscles ( A.T.M.); 
2. Princeps pollicis (A.P.P.), which arises in Man from the deep 
arch j 3. Digital arteries (D.A.) to the adjacent margins of the 
fingers ; 4. An artery to the ulnar side of the minimus (L.D.A.) ; 
6, A small artery to the tissues over the palmar aponeurosis. No 
digital arch is present similar to that which I observed in two 
out of three Chimpanzees. 

The Ulnar (text-fig. 17 B,U.A.) is the large continuation 


Text-figure 17, 



Arteries of the oral (A), hand (B), and foot (C). P.T.A., posterior tibial artery. 
Other letter*! in text. 


of the brachial artery. It runs deep to the superficial flexor 
muscles and enters into the superficial palmar arch. It gives 
ofiTthe following branches I . Anterior interosseous artery ; 
2. Ulnar recurrent {irteiy ; 3. Muscular to the superficial flexor 
muscles ; 4. Muscular vessels to the deep flexor muscles ; 
5. Anterior ulnar carpal ; 6. Deep branch (D.B.U.). 

The anterior interosseous artery runs down on the interosseous 
membrane. It passes behind the pronator quadratus and ends 
by anastomosing with twigs of the carpal arteries. 

The irfnar recurrent artery runs up and supplies the elbow 
joint and muscles arising from the internal condyle of the 
humerus. It anastomoses with one of the muscular branches of 
the brachial artery behind the condyle. 
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The anterior ulnar carpal arterif supplies the front and side of' 
the carpus. It does not form an anterior carpal arch with the 
anterior radial carpal artery. 

The deep branch (text-fig. 17 B) forms the main part of the deep 
palmar arch, which is continued into the arteria radialis indicia 
(A.R.L). 

It will be seen, on comparing the palmar arches of the Orang 
with those in the Chimpanzee ( 72 ) and Man, that Man and the 
Orang have both arches well developed ; and there ai’e only small 
differences in detail in the branches. In the Chimpanzee the 
deep arch is well developed, but the superficial arch is small. In 
the Gorilla there is no superficial arch at all, and Duckworth ( 20 ) 
and Manners Smith ( 69 ) think that is because the arm has not 
yet lost its function of acting as a support for the body. 

Manners Smith has described the arteries t>f the fore-limb, and 
given the branches as follows 

Axillary Artery : 

1 . Thoracic axis. 

2. Branch to shoulder. 

3. Subseapular, 

4. Circumflex humeral giving off profunda brachii. 

Brachial Artery ; 

1. Profunda brachii. 

2. Superior ulnar collateral. 

3. Inferior ulnar collateml. 

4. Recurrent radial. 

5. Recurrent interosseous. 

6. Dorsal interosseous. 

7. Palmar interosseous. 

Radial Artery : 

1. Ramus carpeus volaris. 

2. Huperficialis volte. 

3. Dorsalis pollicis. 

4. Dorsalis indicis. 

5. Metacarpea dorsalis, 

6. Ramus carpeus dorsalis. 

Ulnar Artery : 

1. Deep branch. 

2. Digital arteries from contribution to superficial 

palmar arch. 

Arteries of the Abdomen, 

The Gceliao Axis (text-^fig. 18 A, C.Ax.) is a short, stout 
artery, which springs frotfi the aorta between the crura of the 
diaphmgm. It gives off the two inferior phrenic (I.P. A.), hepatic, 
splenic, coronary, and panoreatico-duodenal arteries. In Man 
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the two inferior phrenic arteries come from the aorta, and in 
the Chimpanzee they spring from a single phrenic branch of the 
aorta. 

The corana/ry artery (O.A.) runs at fii’st vertically downwards 
to reach the lesser curvature of the stomach about the middle of 


Text-figuie 18 . 



Tlio co*liAc axis (A) and iliac arteries (U). L.L.A., last lumbar artery ; 
A. A., abdominal aorta. Other letters in text. 


the body. It then runs along the lesser curve and supplies both 
gastric walls. It ends by anastomosing with the pancreatico- 
duodenal branch of the hepatic artery. It sends an oesophageal 
branch (OES.) up to the thorax through the oesophageal opening 
in the diaphragm. 
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The splenic artery (S.A.) is not larger than the hepatic artery. 
It gives ofT pancreatico- and left gastro-epiploic arteries, and ends 
by dividing into three main splenic arteries, each of which sub- 
divides into small vessels which enter the hiliim of the spleen. 
The two panci'eatic arteries (Pang.) arise from the splenic artery, 
and the left gastro-epiploic artery (L.G-E.A.) is one of the main 
terminal divisions. 

The hepatic artery (H. A.) is a long vessel. After giving off a 
pancreatico-duodenal artery it divides into right and left hepatic 
and cystic arteries (rA., LA., c.g.). The pancreatico-duodenal 
artery (P.D. A.) supplies the bead of the pancreas, pylorus, and 
duodenum ; it anastomoses with branches of the cceliac axis, 
splenic and superior mesenteric .arteries. 

The pancreatico-duodenal (P.D.B.(^) supplies the pan- 

creas and duodenum and anastomoses with branches of the 
hepatic, splenic, and superior mesenteric arteries. There is thus 
an intricate arrangement of arteries round tlie pyloro-duodennl 
junction. 

The inferior phrenic (I.P.A.) are largo vessels. Tliey 

cross the crura of the diaphragm and are distri]>iited much as in 
Man. In the Chimpanzee a single phrenic branch of the abdo- 
minal aorta bifurcates into two inferior phrenic arteries. 

Superior Mesenteric Artery from the aorta close to 

the cceliac axis. It sweeps down into the right iliac fossa, ami 
describes a curve with the convexity to the left. It gives ofl’ the 
following branches: — 

Uami intestini tenuis : — These vessels form the isual arcades 
between the layers of the mesentery. The highest one enters 
into an anastomosis with branches of the hepatic and splenic 
arteries and the cadiiic axis. The lowest one anastomoses with a 
branch of the ileo-colic artery. 

The ileo-colic artery is the largest branch of the superior 
mesenteric artery. Its branches anastomose with the rami 
inte.«tini tenuis on the one hand, and a branch of the right colic 
artery on the other. It sends off a well-marked artery to the 
vermiform appendix. 

The mid-colic a/rtery arises in common with the last artery. 
Its terminal branches anastomose with the ileo-colic bi'ancb of 
the superior mesenteric artery and a bianch of the left colic 
branch of the inferior mesenteric artery. 

The superior mesenteric artery supplies the gut from the 
duodenum to the beginning of the splenic flexure of the colon. 
It is accompanied by branches of the vagus and sympathetic 
nerves (see p, 429). 

Renal Arteries : — Both arteries arise from opposite sides of the 
;torta at the same level. They supply the suprarenal capsules, 
renal capsules, and kidneys. 

Ovarian Arteries : — The left ovarian arteiy arises from the 
inferior mesenteric artery, whereas the right one arises from the 
abdominal aorta, 
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Inferior Mese^Ueric Artery \ — Tliis vessel gives off a small, 
tortuous left renal artery, and divides into upper and lower 
branches. The upper branch, or left colic artery ^ divides in the 
usual manner, and the branches anastomose with the middle 
colic artery and with the sigmoid branch of the inferior mesen- 
teric artery. The lower branch divides into a large sigmoid 
artery^ and a small superior kcemorrhoidal artery which descends 
into the pelvis. Branches of the sigmoid aitery anastomose with 
one another and with the branches of the left colic and superior 
hsBmorrhoidal arteries. 

Lwnihar Arteries \ — Three pairs of lumbar arteries and one 
unpaired artery arise from the abdominal aorta. The unpaired 
vessel, which is the lowest us well, divides into two lumbar 
arteries and gives off a trunk, which divides into the middle and 
two latei'al sacml arteries. 

The Common Iliac Arteries are each an inch and a half long. 
They have no branches, and they divide in the usual way at the 
lower border of the sacro-iliac joints. 

The ExUmal Iliac Artei'y (text-fig. 18 B, E.I.A.) has the 
same course as in the other Apes and in Man. It gives oft’ the 
following branches i — 

1. The deep epigastric artery (D.E.A.) gives branches to all 
the muscles of the anterior abdominal wall. It anastomoses with 
branches of the deep circumflex iliac, lumbar, and superior 
epigastric arteries. 

2. The deep circumflex iliac artery (D.C.I.A.) curves laterally 
and runs up between the transversalis and internal oblique 
muscles, to which it gives bmnches. 

3. A vessel (O.-I.C.A.) which combines the obturator and 
internal femoral circumflex arteries. It runs downwards over 
the pelvic brim, passes in a curve over the outer surface of the 
obturator oxternus muscle, and divides into transverse and 
descending branches. Several vessels arise from it Within the 
abdominal cavity it giv^es off the obturator artery (O.A.), which 
supplies the obtiu*ator internus, pubis, and pelvic lymph-glands. 
In the upper part of the thigh it gives off a nutrient artery 

to the pubis, and a muscular artery (M.A.) to the obturator 
externus and adtluotor brevis. On the widest part of its curve 
it gives off a large adductor artery (A.A.), which 8upplie.s the 
upper part of all the muscles forming the adductor group. The 
descending terminal branch (D.T.B.) ends in the adductor roagnus, 
and the transverse terminal hramh (T.T.B.) supplies the ham- 
string muscles and quadratus femoris. No direct anastomosis 
wa.s observed between it and the gluteal arteries. 

The Feom*al Artery first gives off* a superficial circumflex 
artery (8.C.A.) which courses as in Man ; and also supplies the 
ilio-psoas and sartorius. No genital or epigastric artery comes 
from the femoral artery. The parent stem gives off the profunda 
femoris and continues as the superficial femoral artery. The 
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latter gives off the saphenous artery and passes between two parts 
of the adductor magnus, after which it becomes the popliteal 
artery. 

The saphenom artery runs down to the foot and becomes the 
dorsalis pedis. It gives a small branch to the hallux and a large 
one to the second interspace ; from the latter small branches go 
to the tissues on the dorsum of the foot. The parent stem then 
dips deeply between the hallux and second digit and plays the 
chief part in supplying the sole of the foot. 

The profunda femora (P.F.A.) gives off a musculai* artery 
(m,a.) to the sartorius and quadriceps extensor. More distally 
it gives off the lateral femoral circumflex artery (L.F.C. A.) and 
ends in the adductor magnus. No perforating arteries exist, so 
the Orang agrees with the Chimpanzee and differs from Man. 

The lateral femoral circumflex artery passes outwar<ls 

round the back of the femur, and appears superficially after 
passing over the hamstring muscles. It ends by dividing into 
ascending, transverse, and descending bmiches. The ramifica- 
tions of the branches had been torn away in the removal of the 
skin. 

The Popliteal Artery differs from that described in my paper on 
the Chimpanzee. It is a long vessel, which gives off the following 
branches : — 

1. A muscular artery to the quadriceps extensor and adductor 
magnus. This vessel is only present on the right side. 

2. Two geniculate vessels to the knee. 

3. Peroneal artery, which ends in the skin on the outer side of 
the heel. It also supplies the posterior tibial muscles high up. 

4. Muscular artery to the upper part of the gastrocnemius. 

At the lower border of the popliteus the popliteal artery 
divides into anterior and posterior tibial arteries. 

The Anterior Tihixil Artery almost immediately after its 
formation gives off a muscular artery to the flexor digitoruui 
tibialis posticus. It then passes downwards and forwards between 
tJie tibia and fibula. As soon as it reaches the anterior tibial 
region it gives off* a recurrent artery to the tissues over the front 
and sides of the head of the tibia. Then it divides into two 
branches. One runs superficially and supplies the three antexdor 
tibial muscles. The other runs down on the interosseous mem- 
brane, gives a nutrient artery to the fibuli, and supplies the 
malleoli and ankle joint. 

The Fostemor Tibial Artery (text-fig. 17 0) runs as in Man. 
It divides into a large internal (I.P.A.) and a small external 
plantar artery (B.P.A.). It gives off the following bmnches : — 

1 . Muscular twigs to all posterior tibial muscles. 

2. Internal malleolar artery (I.M.A.). 

The internal plantar artery is the continuation of the posterior 
tibial Artery. It passes distally on the surface of the plantar 
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fascia (text-fig. 17 0, 1.P.A,). It gives off a large artery to the 
outer surface of the hallux (hfi.), a calcanean artery (c.a,) to the 
heel, a muscular artery (w.a.) to the adductor hallucis, and 
digital arteries to the adjacent sides of the second, third, and 
fourth digits. 

The external plantar artery (text -fig. 17 0, E.P.A.) passes 
distally and laterally, diminishing rapidly in size, till it unites 
with the continuation of the dorsalis pedis artery. 

The doraalie pedis (D.P.A.) forms a plantar arch from the 
interval between the hallux and index to the fourth interdigital 
space (text-fig. 17 C). There it receives the external plantar 
Ri*tery and runs distally to the outer side of the fifth digit. It 
gives branches to the inner side of the second digit and the 
clefts between digits 2-5. Hecurrent branches run to the tarsal 
joints. 

The InUnial Iliac Artery (text- fig, 18 B, I.I.A.) soon divides 
into two parts, whose branches are as follows : — 

A. Anterior Division. 

1 . U tero-vesical artery (U- V . A . ). 

а. Vesical twigs ( 

б. Uterine twigs (w.6.). 

c. Vaginal twigs (v.6.). 

2. A gluteal trunk, which divides iiito : 

а. Superior gluteal ai'tery (8.G.A.). 

б. Inferior gluteal artery ( I.G . A . ) . 

3. Obliterated hypogastric artery (O.H.A.) 

B. Posterior Division which gives oft*: 

1. Lateral sacral artery (L.S.A.). 

2. Pudendal artery (P.A.), 

These bmuches differ in their origins fi*om those in the 
Chimpanzee (72), and approximate to those in Man. 

The utero-veaical artery divides into upper and lower branches. 
The former is the superior vesical artery. The latter divides 
into middle vesical and uterine arteries ; and the uterine artery 
gives off uterine, vaginal, and inferior vesical twigs. The vessels 
run in the organs as in the Chimpanzee. 

The tmperior gluteal artery emerges from the pelvis above the 
pyriformis. It breaks up into twigs to the gluteus inedius, 
gluteus minimus, and scansorius. It is accompanied by the 
superior gluteal nerve. The inferior glvleal artery emerges along 
with seveiul nerves below the pjrriformis, and supplies the gluteus 
maximus. No extia.-mu$cular anastomoses were seen between 
the gluteal and cii'oumftex vessels. 

The Miterated hypogastric artery was only present on the 
right side. 

The pvidmdal artery runs infero-laterally and divides into two 
branches* One branch runs Upwards and forwards, and gains 
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entrance to the perineum by passing above the iBchio-cavernoeus 
muscle (text'fig. 10). It gives off the dorsal artery of the clitoris 
and ends in the tissues of the labia. The other branch becomes 


Text-figure 19. 


F.v. 



Veins of the head, neck, and upper part of the thorax. S.T.V., superBcial 
temporal vein ; internal maxillary vein. Other letters in text. 


the inferior hwmorrhoidal artery, which supplies the gut, the 
levator ani, and sphincter ani externus. It is surrounded by much 
fat, and it does not pass through a well-defined Alcock's canal 
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Veins of the Head and Neck (text-fig, 19), 

The anterior facial vein (A.F.V.) begins at the inner canthiis 
of the eye as the frontal vein (F.V.), which drains the forehead. 
It courses round the orbit, receiving inferior palpebral veins 
(I,P,V,) from the lower lid. On the malar bone it receives the 
superior palpebral vein (S.P.V.) from the upper eyelid. Tlien 
the anterior facial vein curves downwards and backwards and 
round the base of the parotid gland, from which it receives 
tributaries (P.V,), As it crosses the masseter below the parotid 
gland, it receives a large hyoid vein (H.V.) from the tissues 
overlying the hyoid bone, and a small glandular vein (G.V.) from 
the glands on the angle of the mandible. It also communicates 
with the pterygoid veins through the deep facial vein (II.F.V.). 
In the Chimpanzee the latter vein is situated high up in the face. 
The anterior facial vein unites with the anterior division of the 
temporo-maxillary vein (T-M,V.) to form the external jugular 
vein (E.J.Y.), which runs downwards and backwards over the 
sterno-rnastoid, turns round its posterior border, and ends in the 
internal jugulai' vein (I.J.V.). It receives tributaries from the 
glands and fat in the clavicular and del to- pectoral group. The 
arrangement of the external jugular vein dest'ribed above difiers 
considerably from that in three Chimpanzees examined by me. 
In them the vein passed deep to the sterno-mastoid muscle and 
received the internal jugular vein. Moreover, it %vas very large, 
whereas it is very small in the Orang. The posterior division of 
the tempoix) maxillary vein forms a loop with one of the tribu- 
taides of the external jugular vein. 

No anterior jugular vein is present. 

The internal jugular rein is very large, and drains a wide area, 
whereas in three Chimpanzees it was merely a sliort trunk 
connecting the lateral and inferior petrosal sinuses to the 
posterior facial vein. Al>out the level of the hyoid bone it 
receives a large vein, which drains the tongue, submaxillary 
gland (S.M.G.), pharynx (P.Y.), and pterygoid region (P.T.V.). 
The inferior petrosal sinus (l.P.S.) and thyroid veins (T.A’'.) 
enter it at the same place. At the root of the neck it receives 
the external jugular vein (E.J.V.), deep cervical (D.C.V.) 
and vertebral veins (V.V.). It unites with the subclavian vein 
to form the innominate vein. 

Veins of the Ann (text-fig. 20 A). 

The superfeUU veim differ from those in the Chimpanzee. 
Fixun the veins on the dorsum of the hand the cephalic vein 
(C.V.) runs up on the dorsum of the forearm, Yeins ascend 
from the thenar nn<l hypobhenar areas. Tlie former bifurcates ; 
one half winds round the radius and joins tlie cephalic vein ; the 
other half unites with the hypobhenar vein to form a vessel 
which joins the cephalic vein in the upper part of the forejirm. 
Piioo, ZooL. Soc, — 1924, No. XXVIII. 28 
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The humeral cephalic vein ascends in the lateral bicipital groove 
and, passing through the delto-pectoral triangle, it unites 
with the lateral vena comitans of the brachial artery. There 
is no basilic vein, and no cubital vein connects the superHcial 
and deep veins. 

The deep veins from the forearm form a plexus in front of 
the lower end of the brachial artery. From the plexus two 
venae comites run up along the brachial artery. The lateral vena 
comitans receives the humeral cephalic vein ; the median 
vena comitans receives the subscapulnr vein (S.V.), which receives 
circumflex, scapular, and thoracic veins; and the two venie 
comites unite to form the axillary vein (A.V.), which becomes 
the subclavian vein later on. 

Veins of the Thorax (text-fig. 1 9). 

The left innominate vein (I.V.) is longer and more horizontal 
than the right one. It courses as usual and unites with the 
right vein (R.I.V.) to form the superior vena cava. It receives 
a thymic vein (T.V.)and the internal mammary vein (I.M.V.). 

The superior vena cava (S.V.C.) is not peculiar. It receives 
the right vertebral vein (V.V.) and the vena azygos major 
(V.A.M,). 

Veins of the Leg. 

The arrangement of the superficial veins difters in some ways 
from that in the Chimpanzee, Three superficial veins arise fiom 
the dorsal venous arch on the foot. An inner vein runs up along 
the saphenous artery. Two outer veins ascend aci oss the baclt of 
the leg, and they are united by a cross vessel. Tlie saphena vein 
receives one of the outer veins and opens into the popliteal vein. 
The remaining outer vein ascends on the surface of Scarpa’s 
triangle and ends in the femoral vein immediately below Poupart’s 
ligament. 

Veins of the Abdomen (text-fig. 20 B). 

The right femoral vein (R.F.V.) becomes the riglit external 
iliac vein. The latter joins the internal iliac vein (I.I.V.) to 
form the common iliac vein (C.I.V.). It also sends up a large 
vessel (C.V.), which receives a vein from the right kidney and 
opens into the inferior vena cava (I.V.C.). Tlie left external 
iliac vein unites in the usual way with the left internal iliac vein 
to form the left common iliac vein, but it does not send any 
vessel upwards as in the case of the right vein. 

The inferior vena cava ascends on the left side of the abdominal 
aorta. In the upper part of the abdomen it crosses the aorta 
and ends in the liver. It receives both renal veins and the vessel 
ascending from the right external iliac veins. Two lumbar veins 
open into its posterior aspect. 

The most interesting feature in the abdominal veins is the 
armngement of the renal veins (R.V.)on the right side. One 
vein opens directly into the vena cava, and another unites with a 
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vein from the right external iliac vein to form a trunk which enters 
the vena cava. 

Text-figure 20. 



Veins of the am (A) and abdomen (B). Br. A., brachial artery 
Other letters in text. 


The internal iliac veins are arranged similarly to the branches 
of the internal iliac artery (text-fig. 18 B). 


28 * 
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The Lymphatic System. 

The receptacidmn chyli is a thin- walled fusiform sac measurin;^ 
•7 inch long and *1 inch wide, lying between the aorta and right 
crus of the diaphragm. Vessels enter its lower end and sides 
from the abdomen. The thoracic duct leaves the upper end. It 
is single throughout, and runs as in Man. Small 13 'mph-vessels 
enter it obliquely or transvei*sely. The lymphatic glands are 
fewer than in Man, as is shown in the following table : — 


Glaitds. 

Max. 

Obanq. 

CniMFANZEB. 

Jdiead and neck. 

Occipital 

+ 

0 

4 

Mastoid 

+ 

0 

0 

Internal maxillary . 



0 

Parotid 


4 

4 

Buccal 

+ 

4 

4 

Lingual 

+ 

0 

0 

Superficial cervical 

+ 

0 

0 

Submaxiliary 


4 

4 

Suprahyoid 

+ 

0 

4 

Jtetropharyngeal 

+ 

0 

0 

Prelaryngeal 

+ 

0 

0 

Pretracheal 

4 

0 

0 

Deep cervical ... 



One largt‘ group 

upper 

4 

4 


lower 

4 

4 


Upper extremity. 
Epitrochlear 

4 

0 

0 

External axillary 

4 

4 

4 

Pectoral 

4 

0 

0 

Subscapular 

4 

4 

4 

lufraclavicular 

4 

4 

4 

Delto-pectoral 

4 

0 

0 

Lower extremity. 

Inguinal (2 sets) 

4 

4 

4 

Popliteal 

4 

4 

0 

Anterior tibial 

4 

0 

0 

Deep femoral 

4 

0 

0 

Thorax, 

Intercostal 

4 

4 

0 

Sternal 

4 

U 

0 

Diaphragmatic 

4 

0 

0 
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Oi-ANOB. Mas. Obabo. Cbimpahzbb. 

Thorax, 

Aut. mediastinal + 0 0 

Sup. mediastinal + ^ 0 

Post, mediastinal + + 0 

Bronchial -f ^ ^ 

Abdomen, 

Gastric 4. + + 

Splenic + 0 0 

Hepatic + 00 

Pancreatic + 0 0 

Mesenteric + + + 

Ileo-colic + 0 0 

Apiiendicular + 0 0 

Colic + 4. ^ 

Ooeliac + 0 0 

Kxternal iliac + 4 + 

Sacral + ... + 

Internal iliac + 4 

Common iliac 4 4 4 

Lumbar ' 4 


The DucrLEss Glands. 

The thyroid gland (text-fig, 21, T,G.) consists of two thin un- 
connected lateral lob^ lying against the sides of the lower end 
of the larynx and upper seven tracheal rings. Each lobe is 
triangular witli the base upw^ards. It receives its blood-supply 
from the superior thyroid artery (S.T.A.) and its inferior thyroid 
branch on the left side, whereas the inferior thyroid artery (I.T. A.) 
on the right side is a branch of the subclavian artery. The 
arrangement of the arteries differs from that in the Chimpanzee. 
As regards the glands in the other Himiidao, there are records of 
separate or connected lobes in the Gorilla, and I haye observed 
them connected in two Chimpanzees but separate in a third 
animal. 

The thymus gland (text-fig. 22) is very large in this young 
animal. It extends fi’om the lower third of the neck above to 
the level of the fifth costal cartilage, whei’e it is almost in contact 
with the diaphragm. In the thorax there is a large left and a 
small right lobe in contact. In the upper part of the thoi^ax 
and lower pai*t of the neck these parts are fused and the gland is 
more finely lobulated. The thymus and lungs conceal the whole 
of the pericardium, except for a very narrow strip along the 
diaphragm. 
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The 6plem is an elongated organ with a spindle-shaped outline. 
It is 4’3 inches long, 1*5 inches broad at its widest pait, and 

Text-figure 21. 



Tlie thyroid gland and its relations. C.C.A., K.C.A., ond I.C.A., common, external, 
and internal carotid arteries; C-T.M., crico*thjroid muscle; 0-H.ll. and 
S>HY.M., omo-hyoid and sterno-h} oid muscles thrown up: T-H.M., thyro- 
hyoid muscle; O.A.8., opening of air-sac. Other letters in text. 


•3 inch thick. It is totally devoid of lateral fissures, and the 
hilum is long. It is very closely applied to the stomach. No 
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accessory spleens are present. The capsule is moderately thick. 
On section the structure appears sponge-like, the trabeculss being 


Text-figure 22. 



The thymus gland and its relations. CL., clavicle; I. J.V., internal jugular vein ; 
L.C.C.A., left common carotid artery ; L.G., lymph gland ; L.L. and R.L., 
lungs; L.V. and L.S., left vagus and sympathetic; first rib; 
right subclavian arteiy; S-M.M., steriio-inastoid muscle; T.Q., tbjToid 
gland. 

very obvious. White granules representing Malpighian bodies 
are not visible. 
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The Urogenital Organs. 

Kidneys: — No lobulation occui*s on tbe outer surface. The 
ri^lit kidney is lower than the left one. On section the cortex is 
seen to be very thick as in the other JSimiidae ; and the thickness 
is relatively greater than in the Chimpanzee. Four fused 
pyiumi<ls are present, but these do not end in a papilla. The 
pelvis is small and devoid of fat. The venous drainage of the 
right kidney is great. The ureter has the usual course. The 
bladder is long, narrow, and pyriform. No urachus is present, 
but lateral ligaments are well marked. In the median line in 
front the longitudinal muscle coat forms a ribbon-like band. 
When the bladder is opened in the empty state, the mucous 
membrane exhibits many very pronounced longitudinal rugae 
conveiging on the neck of the bladder. The ureteral orifices are 
close together. Each is overhung by an arch of mucous membrane, 
which is prolonged downwards on its inner aspect by a ridge 
(text-fig. 23 A). No actual ureteric papillie exist. The urethral 
orifice (U.O.) is some distance from the ureteral openings (Ur.O.). 
Distally the urethra opens on the anterior vaginal wall as in the 
other Apes. 

External Generative Organs (PI. III. fig. A): — The external 
genitalia are very prominent in this young animal, for there is a 
great excess of subcutaneous fat. The rnons veneris has many 
hnirs. The clitoris (Cl.) is well exposed; it has a well-marked, 
hood-liko prepuce (Pre.) and a deep ventral groove. The labia 
majora are small. The vagina is very narrow and devoid of a 
hymen. In the Chimpanzee (72) the clitoris is cylindncal, and 
the prepuce is not so well marked. The vaginal orifice is very 
close to the under surface of the clitoris, so the vestibide is 
negligible in size. Perhaps it is better marked in the adult 
animal. 

The ovaries (text-fig. 23 B) are large in this small animal. 
Each is 2 cm. long and *8 cm. broad. They lie with their long 
axes almost vertical; and each is surmounted by a cluster of 
fimbriFB. The greater part of each ovary lies above the level of 
the pelvic brim. The Fallopian tube (F.T.) ascends almost 
vertically on the front of the ovary, and the ovarian ligament 
(O.L.) descends towards the utero-tubal junction. No hydatid of 
Morgagni was seen on either ovai*y. No scars were observed on 
the surface of either ovary, as would be expected from the age of 
the animal. MacL'ead ( 48 ) has dealt with the Anthropoid ovary. 

Tlie Fallopian tubes (text-fig. 23 B) ascend in a comparatively 
straight line from the uterus to tbe upper poles of the ovaries ; 
so the uterus at first sight appears bicornuate. The ailibre of 
the tube remains practically uniform throughout. The fimbrite 
(Fi.) form a prominent cluster, and the ovarian fimbria is well 
marked. 

At the angle between the tube and the uterus the round 
ligament (R.L.) is attached in the usual way. Between the tube 
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and the round ligament there is a cluster of tortuous, small 
arteries ; and a few can be traced into the central extremity of 
the ligament. 

The Utertis (text-fig. 23 B) The uterus is long and narrow, 
and has no definite fundus. The Fallopian tubes diverge from 
it, and the angle between the tubes is acute. The body and 
cervix together form a long, thin-walled tube 1*1 inches long. 
And no distinction between body and cervix can be made out in 
this very young animal. The uterine mucosa is devoid of rug® 
of any kind. No record of a bicornuate uterus in the Orang 
exists elsewhere. 

Text-figure 23. 



The bindder (A) and genital organs (B and C). C shows the anterior vaginal wall. 

CL.(i., gioove on veiitml surface of clitorif: B + 0., IwHiy and cervix uteri ; 

F.I., fiinbnin ; M.U., median ridge ; M.U., meatus urinarius ; OV., ovary ; 

P., pockets ; R., rugm ; V., urethra ; V., vagina. Other letters in text. 

The vaghia is a long cylindrical tube. The posterior wall is 
quite smooth. The anterior wall has two large pits separated 
by a strong septum. And the urethra opens into the vngina in 
front of them. In the distal part lies the beginning of the 
groove on the under surface of the clitoris (text-fig. 23 C). 

The ovarian ligament (O.L.) runs to be attached to the middle 
of the side of the body of the uteinis. 

I have referred to many points in the anatomy of the male 
organs in another paper^. 

The foetus has been described by Trinchese (77). 

• P. Z. S. 1923, pp. 1001-1003. 
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The Organs of Respiration and Voice. 

Air-siiiuses in Skull : — In the adult Orang the sphenoidal and 
maxillarj sinuses are present, but the former are smaller than 
in the Chimpanzee, Frontal sinuses are absent, their place 
being taken by cancellous bone. In this very young animal no 
sinuses have as yet formed, but the sphenoid and maxillie are 
entirely composed of cancellous tissue (PI. III. fig. B). 

Nasal Fossae (PI. III.): — Two turbinate bones are present on 
each side. The inferior turbinate bone (I.T.B.) is long and 
entire, whereas it is bifid in the Chimpanzee; it is not very 
inflated. The middle turbinate bone (M.T.B.) is large and 
expanded. No superior turbinate bone exists. No bulla eth- 
moidalis is present. The nasal vestibule is small, and its mucosa 
has not many glandular orifices. The septum nasi is mem- 
branous and cartilaginous, for no ossification has taken place in 
its component elements. 

Ijarynx (text-fig. 24) : — The larynx has been described by 
Duvernoy (24), Giaoomini (29), and Koerner (45). It differs in 
many ways from that in tlie Chimpanzee and Man. It is con- 
nected as usual to the tongue, and the vallecula* (Vall.) are 
shallow. 

The thyroid caridage (T.C.) is broad, and its vertical height is 
small. It has shallow median notches above and below ; in the 
Chimpanzee (72) both notches are deep, and in Man there is 
only the superior notch. Laterally it suddenly passes into the 
cornua. The superior cornu (S.C.) is connected to the hyoid 
bone by a ligament, in which there is a small triticeal cartilage 
(Tr.C.). The massive inferior cornu (I.C.) is connected to the 
cricoid cartilage by a ligament. The epiglottis (Epio.) is folded 
on itself in such a way that the superior border and laryngeal 
aperture look backwards. It is prolonged laterally by cornua, 
which are connected by lateral thyro-epiglottic ligaments 
(L.T-E.L.) to the thyro-hyoid joints. The ctncoid cartilage 
(Cr.C.) is broad and thick, with a median dorsal ridge. The 
anterior part is composed of two bow-shaped pieces of cartilage, 
which unite in front to form a triangular plate. The apex of 
the plate is connected to the front of the trachea by a small, 
strong ligament. No cartilages of Wrisherg were seen. The 
oa/riUages of Saritorini have not been sepaiated from the ary- 
tenoid cai*tilages. The arytenoid cartilages (Ary.Oart.) are large 
and have three well-marked processes (text-fig. 24). The muscular 
process (P.Mus.) is large and receives four muscles — lateral 
crico-arytenoid, posterior crico-arytenoid, thyro-arytenoid, and 
arytenoideus. The vocal process is not so large. The pro- 
cess of Santorini (P.Sant.) is long, sharp, and passes upwards 
through a sheath of mucous membrane. The muscular process is 
above the crico-arytenoid articulai* facet. The processus vocalis 
(P.Voo.) is globular. 

The thyro-hyoid muscles and their relations to the orifices of 
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the air-8ac8 have already been figured (text>fig. 21) and deBcribed. 
The cHoo-thyroid muacle (text-fig. 21) consists of the same parts 
as in Man. The posterior crico-arytenoid musde (text-fig. 24, 
P.C-A..M.) runs from the back of the cricoid cartilage and the 
side of the median crest to the processus muscularis of the 
arytenoid cartilage, llie two muscles are fused belou. The 
€irytenoidem transmrsus (T.A.M.) connects the two arytenoid 
cartilages, but there is no trace of the aryienoideus ohUquus, 
In the Ohinipnnzee and Man both oblique and transverse 
muscles exist. The lateral crieo-aryienoid muscle (L.C-A.M.) 
runs from tlie upper border of the bow-shaped anterior cricoid 
luniina to the front of the processus muscularis of the arytenoid 


Text-figure 24. 



The larynx. The arrow passes into the air-sac. Letters in text. 


cartilage. The thyro-arytenoid muscle (Th-A.M.) which is broad, 
thin, and indivisible, runs from the back of the anterior part of 
the thyroid cartilage to the outer border and processus muscularis 
of the arytenoid cartilage. Some deep fibrhs get into the outer 
side of the true vocal cord. 

The thyro-hyoid membrane is thicker in the centre than at the 
sides, where it is pierced by the air-sacs where they communicate 
with the laryngeal ventricles. The erico-thyroid membrane 
(0-T.M.) has a strong central part, or conus elasticus, uhich is 
firmly united to the opposing borders of the thyroid and cricoid 
cartilages. The lateral parts of the membrane are thin ; they 
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are prolonged upwards to become continuous with the true vocal 
cords. The ary*epigloUio foklB are weak. 

Vocal Cords : — The false cords (F. V.C.) do not project into the 
laiynx. The true cords (T.V.O.) are very thin and hardly 
project inwards. Between the cords lie the elliptical openings 
of the ventricles. The latter are small and lead upwai'ds and 
forwards into the air-sacs. In the back of the true cords the 
well-marked processus vocalis of the arytenoid cartilage on each 
side is easily felt. 

Laryngeal Joints The thyro-hyoid ligaments, which connect 
the hyoid bone and superior thyroid cornua, contain triticeal 
cartilages ('Tr.C.). The inferior thyroid cornua are connected 
to the flat surface of the anterior cricoid lamina by a strong 
ligament. No actual articular facets lie on the parts of these 
cartilages which are connected in the joint. The crico-arytenoid 
joints have strong capsules, particularly posteriorly, but I could 
not detect a definite check ligament similar to that in Man. 
The slightly concave surface of the arytenoid cartilage is not 
closely moulded over the more strongly-marked convex and 
elongated articular surface of the cricoid cartilage. 

The tracheal cartilages are defective behind. 

The lungs are entire, and all authors who have hitherto 
examined them, except Fick (26), observed the same condition. 
On looking at the hilus, it is seen that the structures entering 
and leaving the lungs are arranged as in Man. An undivided 
state of the lungs also occurs in Phascolarctos, Bradypus, and 
some Cetacea. 

The air-sacs have been fully described by many authors, 
Milne- Ed wards (60) and Duvernoy (24) giving most particulars. 
I have nothing to add to their accounts. 

The Nervous System*. 

The olfactory, trochlear, and abducent nerves show’ nothing 
peculiar. 

The optic nerve is long ami thick. The arteria retinao 
centralis enters its inner side, and it is surrounded by numerous 
ciliary arteries and nerves. The intra-orbital measurements are 
given with the eye (see p. 437). 

The oculomotor nerve is as in Man, except that the motor root 
of the ciliary ganglion comes from the inferior division of the 
nerve itself and not from the nerve to the inferior oblique 
muscle. No twig runs from the superior division to the ciliary 
ganglion ns in the Chimpanzee (72). 

The trigeminal nerve difters in several ways from that in Man. 
The Oasseiian ganglion is large. It is placed on the petrous 
part of the temporal bone where it forms the back waif of the 
middle exanial fossa, and it reaches close to the floor of the fossa. 

• The brain bad been torn up by tbe ruptured cerebral artery and injection 
material, so it was not examined. 
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It is thus lower down than in Man. Three divisions radiate as 
usual from the ganglion. The ophthalmic division divides into 
lachrymal, frontal, and nasal branches, but these have nothing 
peculiar about them. The maxillary division is long and thick* 
It passes through the middle cranial fossa, spheno-maxillary fossa, 
and infra-orbital Ctinal; and it ends on the face as the infra- 
orbital plexus. In this young animal the infra-orbital giwve is 
a mere linear slit, so the nerve does not gain the orbit at all. In 
text-dg. 13 the comparison between the orbital floor and back 
wall in Man, the adult Orang, and this young animal are shown* 
Should the conditions in this young animal be typical, it would 
seem that the formation of an infra-orbital groove is a post- 
natal change. The nerve gives off the following branches : — 

a ; several small meningeal twigs. 

b ; two sphe^io-palatine nerves to Meckel's ganglion. The 
latter gives off palatine, nasal, and naso-palatine imrves, which 
course generally as in Man. 

c ; posterior denial nerve^ which supplies the back molar teeth 
and gums. 

d ; orbital branch. This enters the orbit and passes forwards 
on its lateral wall. It hreakes up into several branches. 
Temporal and malar nerves pass through foramina in the malar 
bone to the skin of the face. Other branches pass forwards, 
communicate with the lachrymal nerve, and supply the gland, 
conjunctiva, and skin. 

e; infra-orbital nerve. This nerve, which continues the 
maxillary nerve, gives off middle and anterior dental nerves to 
the teeth fis in Man. It appears on the face as the infra-orbital 
plexus, which supplies the skin of the lower eyelid, cheek, lip, 
and nose. Branches also go to the mucosa of tlie upper lip. 

The mandibular division of the Mgeminal has the same course 
and divLsions as in Man and the Chimpanzee. Its lingual bmnch 
is joined by the chorda tympani as usual. The buccal branch 
forms a rich plexus. The mylo-hyoid branch runs in a groove, 
which is more posterior than in Man in the adult animal. In 
this very young animal there is no ti-ace of a groove. A small 
groove also runs upwards and forwards towards the last molar 
tooth in the adult animal from the middle of the nidimentary 
lingula. In Man this groove is faintly marked, and its course 
and termination ai'e different. 

Ganglia connected with the THgeminal Nerve : — The ciliary 
ganglion is small and spherical, and lies close to the eveball in 
the interval between the optic nerve and external rectus muscle. 
It has the same connections as in Man. Meckel’s ganglion may 
be present as a sepai'ate body, or it may be fused with the 
maxillary nerve. The otic ganglion was not definitely detected. 

The sixth nerve is not peculiar. ^ 

The/ootoi nerve (text-fig. 25) differs fi*om that in Man and the 
Chimpanzee (72) ; and the conditions in this animal differ from 
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those figured by Buge ( 62 ). After emerging from the stylo- 
mastoid foramen, the nerve has a long course before it divides 
into its two terminal divisions. The trunk gives off auricular 
(A. A.) and cervical (C.N.) nerves. Of the two terminal divisions 
the upper or maxillary nerve (Max.Div.) is the larger. The 
maxillary nerve does not give off temporal branches. It divides 
into zygomatic (Z.N.) and infm-orbital (I-O.N.) branches. The 
former supplies the orbicularis oculi and zygomatic mass ; and the 
latter supplies the orbicularis oculi and muscles of the upper lip. 
The infra-orbital nerve also gives off the buccinator nerve (B.N.) 
to the buccinator muscle. The mandibular division of the facial 
nerve (Mand.Div.) is distributed to the muscles of the lower lip. 

These branches end in exceedingly rich nerve plexuses, but they 
are not so intricate in this animal as in the illustration by Buge 
( 62 ). Moreover, he shows a more complicated mandibular series 
of nerves. The branches of the facial nerve intermingle with the 

Text-figure 25, 



The maxillary division of the trigeminal nerve. Letters in tuxt. 


zygomatic, infra-orbital, bucctil, and mandibular bmnches of the 
trigeminal nerve. The chorda tympani is as in the Chimpanzee 
and. Man. 

The auditory nerve was not trjiced. 

The glosso-pharyngeal nerve has the same course and distri- 
bution as in Man. 

The vague nerves (text-figs. 26 & 27) run separately from the 
sympathetic nerves on both sides of the neck, whereas there was 
a vago-sympathetic cord on the right side in three Chimpanzees 
examined by myself. Within the jugular foramen the vagus. is 
closely applied to the ninth and eleventh nerves, and it is strongly 
fused with the hypoglossal nerve below the base of the skull 
The ganglion nodosum is well marked on each side. 

Within the thorax ea^ vagus breaks up into a posterior 
pulmonary plexus. The left vagus is not reconstituted again 
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from the plexus; some filaments run through the oesophageal 
opening in the diaphragm, and others wind round the oesophagus 
to join the right vagus nerve. Two cords emerge from the right 
posterior pulmonary plexus ; one, a thick cord, receives filaments 

Text-figure 26. 



The cervical parte of the vagus and sympathetic nerves. liCtters in text. 

from the left vagus, and tlie other, a thin cord, joins the thick 
one in the abdomen. 

Within the abdomen (text-fig. 27 A & B) the left vagal 
filaments supply the anterior wall of the stomach, and some run 
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along the lesser curvature to the pylorus. The right vagus 
supplies the two walls of the stomach along the lesser curvature, 
but the main mass passes on behind the coronary and splenic 


Text-figure 27. 



Tlio thoracic atidi abdominal pails of the vagus and sympathetic nerves. A.P., 
aortic plexus; C.G., codiac ganglia; DUOD., duodenal nerves; I., ileal 
nerves ; I-C., L.C., M.C., B.C., ileo-colic, left colic, mid oolic, and right colic 
nerves ; inferior mesenteric ganglion ; L.D., line of diaphragm ; L.8. 

and R.S., splanchnic nerves ; L.II.P., left renal plexus ; L. V. and B.V., vagus 
nerves ; PANC.,. pancreatic nerves ; S.M.P., superior mesenteric plexus. 
Other letters in text. 

arteries to the side of the superior mesentric artery at its origin. 
At that point it oommunicates with the cceliac and superior 
mesenteric plexuses (text-fig« 27 C) ; and branches run along the 
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ileo-colic artery to the oaBcuui. Branches can also be traced along 
the left and middle colic arteries, thus supplying the large 
intestine as far down as the splenic dexiire of the colon ; but it 
may be that t<he branches to the colon are really composed of 
sympathetic filaments, which have entered the vagus high up. 

The branches of the vagus nerves are as follows : — 

A. Cervical Bra'nches (text-fig. 26). 

1. Communicating to the glosso-pharyngeal nerve (IX). 

2. „ „ accessory nerve (XI). 

3. „ „ sympathetic cord (S.C.). 

4. ,, „ superior sympathetic ganglion 

(S.C.G.). 

5. Pharyngeal nerve {a) to pharyngeal plexus. 

6. Superior laryngeal nerve (6). 

7. Cardiac nerve (/). 

8. Right recurrent laryngeal nerve (c?). 

B. Thoracic Branches (text-fig. 27 A). 

1. Left recurrent laryngeal nerve f^). 

2. Three left and three right cardiac nerves (f.f.). 

3. Anterior pulmonary plexuses (A.P.P. and A'.P'.P'.). 

4. Posterior pulmonary plexuses (P.P.P. and P.P.P.). 

5. CEsophageal nerves (O.N.). 

6. Tracheal branches of right vagus (T.P.). 

The accessory and hypoglossal net^ves are botii much as in Man. 


2{erves of the Jrwi. 

//rocAiW (text-fig, 28) : — In this animal the plexus is 
formed by the anterior primary divisions of the lower four cervical 
and first dorsal nerves. And communicating filaments link it to 
the fourth cervical and second dorsal nerves as in Man. 

The fifth and sixth cervical nerves each divide into anterior 
and posterior divisions. The anterior divisions unite and the 
posterior divisions unite, so there is no upper trunk foniuMl by 
the fifth and sixth nerves as there is in Man. In one Chimpanzee 
there was no upper trunk (72), but in another animal there was 
a trunk as in Man. The seventh cervical nerve forms a mi<ldle 
trunk, which divides later into anterior and posterior divisions. 
The eighth cervical and first dorsal nerves form a lower trunk 
which likewise divides. 

Tlie anterior divisions of C 5 and C 6 unite to form a cord, 
which gives off part of the outer head of the median nerve and is 
continued as the musculo-cutaneous nerve. The anterior division 
of C 7 unites with part of the latter to complete the outer hea<l 
of the median nerve (O.H.M.). And the anterior division of the 
lower trunk forms tne inner head of the median nerve (I.H.M,), 
the ulnar and internal cutaneous nerves ; it communicates with 
the anterior division of 0 7. The posterior divisions of all the 
Pboc. Zool. SOC.--1924, No. XXIX. 29 
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nervas eafceriag into the plexus unite to form the thick posterior 
cord. 

The suprascapular nerve arises from the anterior division of 
C 5. Accompanied by the suprascnpular artery it passes over the 
base of the scapula, bub there is no notch on the bone at the 
point of crossing as in Man. Its course and distribution are ns 
in the other Apes and Man. 

The nerve to the rhomboid muscles also comes from C 5. 

The musculo-cutaneous nerve runs downwards and, after giving 
off the nerve which unites with a filament of the median nerve to 
form the nerve to the coraco-brachialis, it passes between the two 
parts of that muscle and sends off a thick nerve to the biceps ; 
that nerve divides into a branch for each belly of the biceps. In 


Text-figure 28. 



the lower part of the arm it gives three twigs to the brachialis 
anticus, passes under the bicej)s, and enters the forearm as a 
cutaneous nerve (Out.), which can be traced to the radial side of 
the wrist. 

The meddan nerve gives off a branch which unites with a branch 
of the musculo-cutaneous nerve to form the nerve to the coraco- 
brachialis. No other branches are given off in the arm. As it 
runs down it lies entirely behind the brachial artery, a position 
which it also occupies in the other Apes. On the right side it 
passes between the two bellies of the pronator radii teres as a 
broad band ; on the left side it passes as the neiwe and several 
branches* Branches in the upper part of the forearm enter the 
pronator i*adii teres, flexor carpi radiulis, flexor sublimis digitorum, 
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palmark longus, flexor profundus digitorum. It does not com- 
municate with the ulnar nerve. At the wrist it passes deep to 
the carpal arch (anterior annular ligament) and divides into two 
branches. The first, or lateral branch, supplies the thenar 
muscles and gives cutaneous branches to both sides of the thumb. 
The second, or medial branch, divides to supply the adjacent 
sides of the first, second, and third fingers, and it sends a branch 
to the first two lumbrical muscles. The median nerve also gives 
oft* an anterior interosseous nerve, which supplies the flexor pro- 
fundus digitorum and pronator quadratus. Hepburn (36) also 
shows how the flexor profundus may be supplied by both median 
and anterior interosseous nerves. He also mentions that the 
ulnar and median nerves communicate in the Chimpanzee, Gorilla, 
and Gibbon. The Gorilla, Chimpanzee, and Man have a similar 
cutaneous distribution to that in the Orang, but the median 
nerve also supplies the thii'd lumbrical muscle in the Chimpanzee. 
In the Gibbon the anterior interosseous nerve does not supply 
the pronator quadratus. 

The Mmculo-Spiral Nerve has the same course as in the 
Chimpanzee and Man. It ends by dividing into the mdial and 
posterior interosseous nerves proximal to the external condyle of 
the humerus. In the arm it supplies the skin and the triceps, 
extensor ctirpi radialis longior, supinator longiis, and dorso- 
epitrochlearis. It does not supply the brachialis aiiticus, and 
Hepburn (36) points out that the Gorilla is the only Ape in 
which this muscle is innervated by the musculo-spiral nerve. 
The radial nerve (superficial division) runs down on the deep 
surface of the supinator longus, winds round the wrLst, and 
supplies the skin of the outer one and n half digits. The 
posterior interosseous nerve (deep division) passes through the 
supinator brevis to the back of the forearm, where it supplies the 
same muscles as in Man. The filament which runs to the wrist 
joint in the Chimpanzee is also present in the Orang. And it 
supplies the skin of the doitsum of the hand and digits. 

The Ubiar Nerve from the inner cord of the plexus is large. 
Its general couree is as in the Chimpanzee and ]\fan. It gives 
oft* no braucho.s in the arm. In the forearm, just at the level of 
the elbow joint, it gives oft* an articular twig. It enters the 
forearm between the two origins of the flexor carpi ulnaris. At 
the head of the ulna it divides into two. One branch supplies 
the skin of the wrist, and the ptiluiar and dorsal aspects of the 
hand in the region of the little finger. The second branch 
divides into two; one half supplies the hypothenar muscles, 
and the skin of the inner side of the little finger and the 
adjacent sides of the little and ring fingers; the other half 
passes into the hand deep to tlie flexor tendons, and divides 
into branches for the iiiterossei, adductor obliquus pollicis, 
adductor transversus pollicis, and the two inner lumbriail muscles. 
Hepburn (36) states that it also sends a branch to the deep head 
of the flexor brevis pollicis. The cutaneous distribution is similar 

29* 
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in the Gorilla, Chimpanzee, and Orang, but, as shown in Hepbum^s 
account, its muscular supply differs, particularly in the supply to 
the lumbricales and contrahentes. 

The circumflex nerve runs and ends as in the Chimpanzee and 
Man. It gives off the upper subscapular nerve (TJ.S.N.). The 
long suhscapular for the latissimus dorsi and the lower suhecapulnr 
(Lo.B.) for the teres major and sul)8capularis come from the 
posterior cord of the plexus. The internal cutaneous Tierves show 
nothing different from the conditions in the Chimpanzee and 
Man. 

The long thoracic nerve (L.T.N.) is very interesting. It is 
divided into two parts. One pftrt, from C 4, C 5, and C 6, is slender, 
and runs to the upper part of the serratus magnus. The other 
part, from C 7, is stout, and runs to the rest of the muscle. It 
communicates with the other part. The first part is accompanied 
by a branch of the vertebral artery (text-fig. 16 B), and the 
second part is accompanied by the true long thoracic artery. 
The nerves to the upper paidi of the sermtus magnus in the 
Chimpanzee are also of great interest (72). 

The interoo8tO‘humeral nerve courses as in Man. It does not 
communicate in this animal with the internal cutaneous nei A c of 
the arm and witli the lateral branches of the first and third 
intercostal nerves as I observed it doing in one Chimpanzee out 
of three examined (text>fig. 9). 

The phrenic nerve^ from C 3, C 4, and C 5, courses as usual in tlie 
Mammals. A short distance proximal to the diaphragm it 
divides into two equal branches, which diverge and pass througli 
the diaphiugm to the under surface ; and brandies of each half 
do likewise. No arteria comes nervi phrenici is present. And 1 
did not observe any communication with the sympathetic as Eisler 
(26) and Duckworth (20) record in the Gorilla in the neck. No 
communication was found by me in three Chimpanzees. In the 
abdomen it communicates with phrenic branches of the 
sympathetic. 


The Lamhar Plexus (text-fig. 29). 

The four lumbar nerves enter into the formation of the plexus. 
Loops unite the nerves, but 1 was unable to detect a loop 
connecting the last doi’sal and first lumbar nerves. The fourtli 
lumbar nerve receives a communication from the third lumbar 
neiwe and forms the thick lumbo-sacml cord. The plexus has 
been described by Bolk (8), Ihering (40), Westling (84), and 
others. 

The genito-crural and ilio-inguinal nerves arise from the fiii^t 
lumbar nerve. Hepburn (85) gives a similar origin. 

The laJleral cutaneous nerve of the thigh arises differently on the 
two sides. On the left side it springs from the first and second 
lumbar nerves. On the right side it is formed from upper and 
lower parts ; the former is composed of twigs coming from LI and 
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L 1 and L 2. In my specimen it arises from L 2and L 3. It has 
the usual course, and ends in the same muscles as in Man and 
the Chimpanzee. 

The pudendal nerve arises from S 2 along with the nerve to the 
obturator internus and nerve to the qiiadratus feraoris. The 
nerve to the pyriforinis springs from the luinho-saciul cord above, 
and the superior gluteal nerx^e arises below the point where the 
cord receives the first sacral nerve. The small sciatic and 
inferior gluteal nerves come from S 2, and form a plexus in the 
buttock. 

The Great Sdaiic Nerve is formed by the lumbo-sacral cord 
(L.S.N.) and first and second sacral nerves. It has the usual 
cour.se, and ends at the junction of the middle and lower thirds of 
the thigh by dividing into external and internal popliteal nerves. 
Possibly tlie level of the bifurcation varies individually as in 
Man, At the upper part of its extra-pelvic course it gives ofi' 
a well-marked nerve to the hamstring muscles. At the lower 
part of its course the part of the nerve which will become 
the internal popliteal nerve gives oft* two filaments to the femoral 
or shoi*t head of the biceps. The great sciatic nerve also supplies 
the ischial head of the adductor magnus. 

The Internal Popliteal Nerve is the larger of the two terminal 
divisions of the great sciatic nerve. Hepburn (35) points out 
that it is really composed of the filaments of the sacral nerves, 
which enter into the great sciatic nerve. It supplies the gastro- 
cnemius, soleus, and popliteus, and gives off* the external saphenous 
nerve. The latter supplies the skin of the oiuycr side of the 
foot and little toe, Hepburn states that the external saphenous 
and musculo-cutaneoiis nerve.s communicate, but the communi- 
cation must have been broken in my animal in the process of 
skinning. 

The Posterior Tihial Nerve is the continuation of the internal 
popliteal nerve at the lower border of the popliteus muscle. As 
it courses down the thigh, it gives branches to the deep flexor 
muscles, the skin of the heel, and the abductor minimi digiti. A 
well-marked nerve of communication runs between it and tlie 
external saphenous nerve. It ends by dividing into external and 
internal plantar nerves. No nerve runs to the soleus as in Man, 
and there are no branches to the anterior tibial muscles and 
peronei as in a Chimpanzee examined by me (72). The brancli 
to the anterior tibial muscles in that animal must have consisted 
of ftlaments which should have passed higher up from the great 
sciatic nerve to the external popliteal nerve. 

The Internal PlarUa/r Nerve soon divides into two nerves of 
equal size. The inner division soon gives off a branch whicli 
accompanies the hallucial branch of the internal plantar artery 
and supplies the skin on the outer side of the hallux, the abductor 
hallucis, adductor hallucis, and flexor brevis hallucis. After 
giving off the hallucial nerve the inner division ends as the 
cutaneous nerve of the inner side of the second digit. 
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The arUerior tihial nerve gives branches to the tibialis anticus, 
extensor longus hallucis, and extensor longus digitorum. It 
does not reach the foot. Hepburn (36) observed the same 
{irrangement. 

The mtieoulo-cutaneoice nerve supplies the peroneal muscles and 
the skin of the dorsum of the foot except the borclei's of the sole, 
the inner side of the hallux, and the outer side of the fifth digit. 
The cutaneous supply is a little greater in the Chimpanzee (72). 

The Sympathetic Nervous System (text-figs. 26 & 27). 

The number of internal carotid nerves on each side is one, 
whereas there are several in the Chimpanzee (72). The left 
superior cervical ganglion (S.C.G.) is long and fusiform, but the 
right one is flat and irregular. Middle cervical ganglia (M.C.G.) 
are both well marked, but tlje inferior cervical ganglia (I.C.G.) 
are small. The following are the cerviciil bianehes (text- 
fig. 26) ;- 

A , From the superior ganglion and nerves above : 

1. Communicating to the glossopharyngeal (c. IX), vagus 

(c. X), hypoglossal (c. XII), and cervical plexus 
(C.C.P.). 

2. Pharyngeal (P.H.8.) and laryngeal (L.B.S.) nerves. 

8. Carotid plexus (C.C.P., E.C.P., I.C.P.). 

B. From the middle cervical ganglion : 

1. Communicating to the brachial plexus (C.B.P.). 

2. Prevertebral branches (P-V.N.). 

3. Cardiac nerve (C.B.S.). 

( \ From the inferior cervical ganglion : 

1. Communications to the brachial plexus (C.B.P.). 

2. Vertebral arterial plexus (V.A.P.). 

3. Twigs to the annulus of Vieussens (A.V.). 

4. Cardiac nerve (C.B.S.). 

5. Thoracic gangliated cord (T.C.S.). 

Tlie right recurrent nerve has the same course as in the 
Chimpanzee and Man. It communicates with the sympatlietic. 

The thoracic cords have fewer ganglia than the number of 
intercostal nerves, so that rami coinmunicantes appear as branches 
of the cord. I’he trunks form the splanchnic nerves, the left one 
entering the left renal plexus, and the right one passing into the 
solar plexus (text-fig, 27 0). 

Tub Eye and its Appendages. 

Tlie eyes are prominent and close together, but Fick (26) 
points out that the interpupillary distance is not much less than 
in Man. There are no marked eyebrows. The lids have 
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thickened margins, and the upper one has numerous black 
eyelashes. The lachrymal papillae are practically non* existent. 

On the deep surface of the upper lid there are no visible ridges 
produced by Meibomian glands. The palpebral conjunctiva is 
not pigmented, but the bullar conjunctiv^a is bluish in colour. 
Milne Edwards (50) figures two Orangs with dead -white bullar 
conjunctivee. In four Chimpanzees I observed variations in the 
pigmentation of the conjunctiva. 

The lacus lachrymalis is a mere slit, and the plica semilunaris 
is small. It coiitains no cartilage. 

The orbital roofs are dome-shaped. On opening the roof a 
dense capsule of Tenon is seen to envelop the orbital contents. 

Omlar Muscles : — The levator palpehrce superioris arises in the 
usual way. Passing forwards it spimds out, and has a wide 

Text-figure 30. 


L.G. 

} 


The levator palpehrir superioris. Letters in text. 

fibro-muscular insertion. Some fibres pass forwards through the 
orbicularis ociili to the skin of the upper lid (text-fig. 30, Sk.). 
Others are attached to the upper border and anterior surface of 
the superior tarsus (S.T.) ; and others again pass to the superior 
conjunctival fornix (S.C.F.). A lateral band splits the lachrymal 
gland (L.G. : L.G.) and is attached to the deep surface of 
the malar bone. And a mesial band splits into two slips which 
embitice the lachrymal sac (L.8,) and are insertcnl into the 
lachrymal bone. There is some fusion between the levator and 
the superior rectus, and the branch of the third nerve to the 
levator pierces the rectus. The superior rectus has the usual origin 
and insertion. It receives a well-mai ked branch of the ophthalmic 
artery. The superior oblique is so closely apposed to tlie inner 
wall of the orbit that it does not appear on the upper surface of 
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the globe. It is cylindrical, and has the usual origin. The long, 
slender, strong tendon runs through a trochlea, and has the usual 
insei*tion. The tendon is connected by strong fascia to the 
superior rectus ; and it does not expand towards the globe as in 
the Chimpanzee (72)# The external rectue has great vertical 
depth. It has the usual two heads, but no strnctxires pass 
between them as in Man. The inferior ohliqae remains fleshy 
throughout, whereas it ended in a tendon in a Chimpanzee 
examined by myself (72), It is attached obliquely to the pos- 
terior aspect of the globe, and this insertion enables the Orang to 
move its eyes considerably upwards and inwards without moving 
its head. The internal rectus is as in Mnn. 'J'he inferior recUts 
is a strong, cylindrical muscle with a more intimate attachment 
to the globe of the eye than the other muscles. No retractor 
hulbi exists. Ottley (61) describes many of the above conditions, 
and points out that the recti are attached more anteriorly than 
in Man. 

The globe of the eye is small, and the optic nei-ve witliin the 
orbit is long and thick, as can be seen in tiie following table : — 

Antero-posterior length of orbit 36 mm. 

„ „ diameter of globe 14 ,, 

Length of optic nerve 27 

Diameter of „ „ 3 „ 

The muscle, vessels, and nerves are all long, foj* the globe lies 
far forwards. Much fat is present, and this probably accounts 
for the prominence of the eyes in this animal. In Man varia- 
tions in the amount of fat modify the degree of protrusion of 
the globe. 

The lachrymal gland consists of two parts separated by a 
process of the levator palpebrae superioris (text-fig, 30, L.G.) 
The lachrymal sac is embraced by fibres of the levator palpehraj, 
and is compressed by fibres from the orbicularis oculi. The sac 
and duct exhibit nothing peculiar. 

Lindsay Johnson (41) pointed out that the ophthalmoscopic 
appearances in the eyes of the Gorilla, Chimpanzee, and Orang 
are like those in the negio, but they have clear fibres round 
the optic disc. He shows that these fibres are numerous in Man 
in the congenital defect known as opaque nerve fibres. In this 
animal the retina had disappeared by tlio time this stage in the 
dissection had been reached. The disc appeared much smaller 
than the area of the cross-section of the nerve. 

No injection material had entered thearteria retina? centralis. 
The ciliaiy arteries pass into pits in the sclera round the optic 
nerve entrance. 

The relations of the structures in the orbit differ in some ways 
from those in Man. No nei^ves and vessels pass between the 
heads of the rectus externus muscle; and the ophthalmic artery, 
which is shorter than in Man, always remains on the outer side 
of the optic nerve. Details are also given with the vessels and 
nerves in other parts of this paper. 
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The Auditory A])])avaiu8, 

Severn! observers have pointed out that tlie auricle is more 
degenerate than in other Apes ; and Pocock (57) regards this as 
being associated with the retiring habits of the animal. 

The auditory ossicles, like those in the (lorilla, resemble those 
in Man in a few points ; but those in tlie Oiunipanzee, taken as a 
whole, resemble those in Man most closely (72). 

The Hairs (PJ. IV. fig. B). 

The following account of the hairs by Mr. J. Martin Duncan, 
F.R.M.S., should be contrasted with his account of the hairs in 
the Chimpanzee (72). 

The microscopic appearance of the hair of the Orang presents 
a marked contmst to that of either the (Jhirnpanzee or the 
Gorilla, This is due to the irregular outline of the strongly- 
marked, imbricate cuticular scales, with their crenulated edges. 
The colour of the hair being a fine tawny red, due to diffuse 
pigment, the dark wavy outline of the cuticular scales stands out 
in strong relief, producing a most striking and characteiistic 
picture, making the hair quite distinctive from that of any other 
Anthropoid. 

The dense medulla is of the continuous, homogeneous type. 

The cutaneous pigmentation in the Apes luis been described 
by Adachi (1), and the flexure lines and papillary lidges by 
Duckworth (20), 8chlaginhaufen (64), and Wood Jones (86). 

1 desire to express my thanks to Miss Kahnn and Messrs. 
Aurounin, Meneces, Ogden, and Scheinfein, students in the 
Anatomy Department of University College, for their assistance 
in the dissection. 1 desire also to thank Mr. 11. D. Burne for 
the loan of an interesting skull. 

Comparative Physiology. 

The Orang differs in its habits an<l <lemeanour from the other 
Apes. It does not possess the grace and agility of the Gibbons, 
the ferocity of the Gorilla, or the intelligence of the Chimpanzee. 
It is a heavy, sluggish animal; and, like other sluggish animals, 
such as the Sloth, it is very tenacious of life. 

Travellers liave stated that the Orang cai’efully tests the 
branches before it moves, even when it is pursued ; but its sheer 
weight, which may amount to eleven or more stone, sometimes 
breaks them. The animal then falls to the ground, and bones 
are frequently broken. Duckworth (21) points out that the 
Orang is more liable to fracture than all other Apes, and he 
shows photographs of injured bones. Next in frequency comes 
the Gorilla, which is liable to fractures of the large sagittal 
crest. As the Gorilla is the most terrestrial Ape, it is probable 
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that the fractures are due to causes such as fighting and the fall 
of large branches of trees. The healing of the fractures may or 
may not be accompanied by excessive callus formation. From 
a study of Duckworth^s photographs we nmy assume that the 
animals were in some cases rendered helpless, and they must 
have V>een fed by companions. Wallace (80, 81) describes crises 
of fractures of great or medium severity in youni; and adult 
animals. 

The Apes resist shock very well. Possibly they have very 
resisbint vaso motor centres and reflexes, or their nervous 
system as a whole is not so delicately tuned up as in Man. 
Uuckwwth mentions a specimen in which the jaws were smashed 
ainl the facial skeleton was sepamted fiom the base of the skull. 
In spite of the shock and cerebral concussion which must have 
accompajued such a severe injury, the animal lived till signs of 
repair of tlie bones were clearly manifested, Man can tolerate 
very severe injuries, but very few recover from fiactiires of tlie 
base of the skull. 

The Gorilla has been obtained at altitudes of 10,000 feet 
above sea-level, and it is probable that severe circulatory and 
other changes would occur if it were brought dow n alive to sea- 
level. Aggazotti * has described the effects of altemtions in baio- 
metric pressure on the Orang, but I have not been able to obtain 
iiis papers. 

The young Orang, like the young Chimpanzee and Gibbon, is 
timid, and one of the manifestations of fright is a disturbance 
in the balance of the ocular muscles. In one animal I observed 
the left eye turned upwards and inwards, whilst tlie right eye 
was turned <lown wards and inwards. Hquintiiig is also induced 
in chihlren by fright. The young Orang and Chimpanzee exhibit 
more emotion tban the young Gorilla, which maintains a sullen 
disposition and a mask-like face. 

In my paper on the Chimpanzee (72) I described how tlie 
ductless glands have played an impoi*tant part in moulding the 
external characters of the Apes and Man. I'he same remarks 
apply to the Orang, but it must be emphasised tliat tlie Orang 
takes longer to arrive at maturity than the Chimpanzee, w hich 
matures more rapidly than the child. The ductless glands are 
influenced by climatic factors acting from without, and by 
dietetic factors operating from within. The eflects of diet on 
these glands have been the subject of many papers in physio- 
logical journals for some years past, but comparatively little has 
been written about the action of environmental stimuli. 

The Orang, Chimpanzee, and Gibbons are hracliiating Apes, 
and the foreai'm is longer than the arm. But Weber (83) points 
out that the great length of the arms in the Gibbon is of post- 
embryonal development. Gregory (31) thinks that brachiation 
in the Orang and Chimpanzee was acquiied after they arose 

* Atti Acc. Lincet, xiv. p, 706, and Arcli. Ital. Biol, xliv. p. 39. 
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from ancestral forms in the Siwalik Ilegion in Northern India. 
Wallace ( 80 ) thinks that the limb muscles in the young Orang 
are strengthened as the result of the animars habit of clinging 
to its mother^s body. 

In the young Ape the cranial part of the skull predominates 
ov^er the facial skeleton. As age advances, the jaws become 
increasingly prognathous, and continue to develop after the 
cranium stops growing. In the Gorilla, IM\impanzee, and Gibbon 
a time comes when the cranial characters become fixed ; but the 
skull of the Orang keeps changing throughout life, thus making 
classification a difficult process. The female skull may assume 
male chamcters and vice t^ersa. Variations in the skull have 
l^een studied by Briihl (10), Dumortier (22, 23), and others. 

The most characteristic feature in tlie skull of the Orang is 
the hollowed out or “ simognathic appearance of the face. It 
varies in degree, as a series of Orang skulls exhibit considerable 
differences in profile. Simognathism also exists to a slight 
extent in the other Apes. It is also present in some domestic 
dogs, such as the Pekinese and Bulhlog (PI. IV. fig. A). In 
the disease in Man, known as achondroplasia, a similar condition 
occurs. 

The external ears, as have frequently been pointed out, are 
more degenerate in the Orang than in the other Apes and Man. 
And the Chimpanzee has the least degenerate ears. Pocock (57) 
pointed out that the Chimpanzee and Gibbon, winch are timid 
creatures, have larger ears than the Orang and Gorilla, for they 
require an acute sense of hearing to warn them of the approach 
of enemies. The Orang lives under sheltered conditions and 
escapes many dangers; but the Gorilla is well e(j nipped with his 
great canine teeth and powerful muscles to defend himself 
against any enemy. 

Jn a previous paper (72) I showed that the power of upward 
movement of the eyeballs is relatively greater in the (Miimpanzee 
than in Man, and £ observed a similar condition in the Orang. 
The Apes have tlie power of convergence, l)ut it cannot he 
sustained for a long time. I'he eyeballs are relatively larger in 
the small Gibbon than in the large Apes. Large eyes are 
associated with nocturnal liahits in the lemurs and Tarsius, 
The ophthalmoscope shows that the fundus oculi in the Apes is 
similar to that in Man (41). Tlie pigmentation of the con- 
junctiva exhibits individual variations in intensity. 

It has often been pointed out that the external nose of the 
Gorilla, with its large alar folds, is most like that of Man, but 
it has no tip, which is the human characteristic. 

The lips are bulged forwards by tlio prognathous jaws, and 
they do not turn outwards so as to expose the pigmented margins 
as in Man. 

The neck is short in the Apes, and the head is well set 
between the shoulders, so that it does not interfere with the use 
of the arms in the brachiators. The head is more mobile in the 
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Ohimpanzee than in the Gorilla. In the human foetus the neck 
is very short. 

The forearm is longer than the arm in the Orang and Gibbon, 
but it is frequently stated that the forearm is longer than the 
arm in the Oning, Gibbon, and Chimpanzee, whereas the reverse 
is tlie case in the Gorilla and Man. That relation is not true, 
however, in the case of the Chimpanzees examined by myself, as 
can be seen in the following table. The figures are inches. 



Jvm. 

F 0 rearm. 

llinvt. 

Mfhjifton nfhatul to 
upper e.rtremit,y. 

Man . . 

... 120 

O-o 

7 0 

lioss tlian 25";„. 

(tor ilia 

riiiinpini/ft's*' 

. . . 0 0 

8 0 

(5*5 

i'Noeods 26 ,f. 

N<.. 1 (c?) . 

0-0 

(l-O 

7*75 

5* »> 

No. ‘J ( 9 ) 

ira 

0*2 

7*2 

>♦ *) 

No. a (c? ) . . 

HT> 

0 75 

8*0 

» JJ 


ur> 

9*5 

K-0 


Ojaii}:!: 

7*0 

7 25 

0 0 



7*0 

R*2r> 

5*25 

•5 ». 


Jn achondropla.sia. the upper segment of the human extremity 
becomes shortened, so that the forearm is longer than the arm. 

When the human and simian hands are compared, differences 
are obser> ed in the general pliysiological ch.aracters and in the 
structure of each of the component structures. TJie Imman liand 
is the only perfect hand. It has a large and perfectly opposable 
tliumb ; and it can encircle a sphere. Tlie simian hand has a 
])oor thumb; and it ainnot encircle a sphere. It can grasp 
a cylinder, a.s it is adapted for swinging on branches. Man can 
oppose the tips of his tbuinh and little linger till tlioy touch, 
liut the Apes cannot do this, nor can they close the liand and 
point with the extemled index finger. 

The flexure grooves and papillary ridges on the palms i‘xlnhit 
differences. In Man there are grooves running proximo-di&tally, 
and two or more grooves run obliquely across the distal part of 
the palm from the mdial to the ulnar side. 

In the Apes thei^e are also proximo-distal giooves, but the 
oblique lines aie replaced by transverse ones. There is a wide 
i*ange of variation in the grooves in both Man and the Apes. 

The papillary ridges are most complex in Man. No Ape has 
a whorl on the terminal phalanges as in many men. The Ape 
has a loop on each terminal phalanx, and it has fewer ridges 
in the loop than in Man. Full details of the ridge ])alterns 
are contained in the works of Wood Jones (86) and Schlagin- 
haufen (64). 

The epidermis is thickened where it has to hear weight or 
pressure. In the Apes it forms callosities on the backs of the 
penultimate phalanges when these are employed in locomotion. 

• These Chiiui>iuuec.s art* ari'auged iu order from the smallest (No. 1) to the 

largest (Ko. 2)* 
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In Man the thickenings occur on the palms, and they are best 
marked in manual workers. When a manual worker stops work 
for a time the thickenings diminish. 

The myological differences are shown in the following table : — 


Man. i (SoRTLLA. { 


ClIIM- 

I’ANZBK. 


Oeano. ; Gibbon. 


Outer head of dexor ^ 
brevis pollicis ) . 

Inner head of flexor ) 
brevis poUicis ) 

Flexor longus pollicis | 

Adduefor obliquus 7 
pollicis 3 

Adductor transversus ) 
pollicis 3 

Other contrahentes ... 


+ ; 

good |rudinioiitar 3 '|»*iidini(‘ntar> 'nidiineiit.iri 
separate. notM'parate.j not separate, not “epurute.! 


rudirneiitan 
not separate 


Palmar interossei ; 3 3 

Dorsal ,, l 1 1 


0 ! 

1 i 1 


0 


1 


Insertion of : — 
extensor ossis ineta- 7 
carpi pollicis . ..3 

extensor primi inter- 7 
nodii pollicis ...3 

extensor seenndi in- 7 
ternoilii pollicis. . 3 

Slip connecting first ') 
and second lumbri- > 
calos J 


M.P.* 

i 

M.P. 

, esRinoKljuid 

1 trapezium. 

M.P. ami 
Kesainoid, 

sesanioul. 

P.lt 

1 

M.P.IM 

M.P. or P.l 

M.P. 

M.P. 

l\2t ! 

1 

P.2 

' P. 1 or P. 2 

1 2 

P.2 

0 j 

0 

I 

' + 

i 


0 


* M.P.= metacarpal bone of pollex. 
f P.l = first phalanx. J P.2 =» second phalanx. 


The palmar arterial arches exhibit differences. The deep arch 
is always well developed. The superficial arch is well developed 
in Man and the Orang; it is slender in the Chimpanzee and it 
is absent in the Gorilla. Duckworth ( 20) and Manners Smith (69) 
believe the superficial arch is absent be(*ause the forelimb lias not 
yet lost the power of supporting the body in progression. 

The median and ulnar nerves show differences in detail in their 
cutaneous and muscular distribution. 

•The metacarpal bones and phalanges are relatively longer, 
thinner, and more curved than in Man, and they are more equal ; 
that is to say, the metacarpals do not diminish much in size from 
2 to 5 as they do in Man. 

Goodsir (30) described the axes of the metacarpo-phalangeal 
joints in the Apes, and showed how their direction helps Man to 
grasp a spheroi whereas they only permit the Apes to grasp a 
cylinder. 
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It can thus he seen that there are numerous small morpho- 
logical differences in the hands of the Apes and Man, but they 
alone are not enough to explain why the functions of the human 
hand are of a much higher order than those of the simian hand. 
The secret is to be found in the neopalliiun of the brain. The 
human hand has been freed from the task of suppoi*ting the 
l>ody, and it has become the servant of the most highly-developed 
brain in the animal kingdom. Its sensory functions have been 
enabled to become highly developed. Goodsir pointed out that 
the hand, tlie eye, and the muscular sense of the whole upper 
limb are “ the principal organical means by which the human 
intelligence reaches tliose motions of external objects, which, 
when thought under the conditions of Space, enable it to frame 
its conceptions of external nature.” 

When a line is drawn through the anterior ends of the ischial 
tuberosities in the female it passes as follows : — 


1 . Man Ijetween the anus and vulva. 

2. Gibbon through the vagina. 

3. Orang in front of the vuh\a. 


4. Chimpanzee 

] have not l>een able to examine this line in the Gorilla. 
But it is eviilent that the Gibbon makes a closer approach to 
Man than the Orang or Chimpanzee. 

The urethra opens on the surface of the vestibule in ISfan. 
In the huiujin fmtus it opens into the urogenital canal. And it 
oj)ens into the vagina in the Apes. So they retain a more fmtal 
character than Man. 

It has been shown by Deniker (18), Bolk, Sperino (73), and 
myself (72) that Man retains fcetal characters in the possession of 
a mons veneris and well-marked labia majora. And he agrees 
with Tarmis in that respect. In the Apes tliese structures are 
well developed in the fu'tus and young animal, and reduced in 
the adult *. The simian clitoris is cylindrical, or shows traces of 
a bilateral origin. The penis is small in the Apes, and tlie Orang 
and Chimpanzee have no glans. The Gorilla and Gibbon have 
a good or small glans. Man differs from all the Apes in the 
absence of the os penis. 

When the hones of the foot and ankle in the Apes are com- 
pared \vitli tliose in Man, it is seen that the Apes deviate from 
Man in the order Gorilla, Chimpanzee, and Orang. 

When the Ape uses its foot for grasping, the slope of the 
metatarso-phalangeal joints, running as they do towards the 
hallux, facilitate a hand-like action. In Man the slope is towards 
the fibular aspect of the foot, and tlie line of pressure from above 
acts in the same direction. This gives width to the foot. The 
basal line, as regards the action of the pedal interossei, runs 
through the second digit in Man and the Gorilla ; hut it passes 

• SoinitAtf, C. V., * Tlie Mor|>liology sod fSvolution of the Apes aud Man,’ 1924, 
pp. 268 aim 269. 
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through the third digit, as in a hand, in the Orang, Gibbon, and 
Chimpanzee. 

The muscles of expression in Man differ from those in the 
Apes as follows: — L The muscles are shorter and more vertical ; 
2. The nasal muscles are better developed ; 3. The zygomaticus 
major is frequently more separate; 4, The risorius is better 
differentiated ; 4. The triangularis and auricular muscles are 
more constant. The Orang and Chimpanzee exhibit their 
emotions more than the sullen Gorilla ; but any attempt to smile 
results only in grimaces. 

Owing to the prognathism of the jaws, the palatine muscles ai*e 
more horizontal than in Man, and the facial and lingual muscles 
are longer. The size of the anterior bellies of the digastric 
muscles is inversely proportional to that of the jaws (Duckworth). 
The Orang, whose jaws are very massive, has no anterior digastric 
bellies ; and the mylo-hyoid muscle, which supports the tongue, 
has a more intricate interlacement of fibres than that in any 
other Anthropoid. 

The Apes, like the Monkeys, liave an oino trachelian. This 
muscle is usually absent in Man ; but it occasionally appears, when 
it is to bo regarded as a. vestigial structure. The omo hyoid and 
levator auguli scapulae exhibit maiij'^ individual variations. The 
cervical origin of the trapezius is short, particularly in the 
GiVjbons. 

There arennany individual variations in the elements com* 
posing the erector spiriao in the Apes (see p. 364). Some fibres 
are attached to the mastoid process in the Gorilla, and Owen (52) 
stated that the presence of a mastoid process would alone show 
that that Ape is occasionally erect. 

Weber and Goodsir (30) ^winted out that in Man the vertebral 
column with its articular processes and its covering ligaments and 
muscles forms a spiral, wliich enables him to maintain an erect 
posture ; and this arrangement is absent in the Apes, Moreover, 
Man employs less muscular w'ork in locomotion. All he has to 
do is to ben<l his body forwards and then bring liis pel vis forwards 
by muscular action, the exertion requisite to <lo which is 
determined by the peculiar pendulumdike movements of the 
lower limbs. 

In Man the positions of the anterior superior iliac spine, the 
ischial tuberosity, and tlie pubic symphysis are distinctive. They 
form the basal points of a pyramid whose sides are the sjirtorius, 
gracilis, and semi-tendinosus. These muscles combine with the 
characters of the pelvis, the ilio-femoral ligament, and the long, 
oblique femoral neck to keep the body erect. In the Apes tiie 
muscles are for progression, and they have a more or less 
extensive attachment to the fascia over the leg. 

In the Orang and Gibbons the communication between the 
tunica vaginalis testis and the abdominal cavity remains open, 
but it closes in Man, the Gorilla, and Chimpanzee. 

The employment of the hallux as a thumb is facilitated by the 
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splitting of the tibialis anticiis into two muscles, the modification 
of the innermost belly of the extensor loiigus digitornrn, the 
chnracjters of the adductor muscles, and the state of the metatarso- 
phalangeal joint. The division of the tibialis anticus is least in 
the Gorilla. 

The skull is bound to the vertebral column by strong ligaments 
and inembranes ; and these are more numerous and complex in 
the Orang than in the Chimpanzee. The ligamenta subfiava are 
very elastic in the Gibbons, ainl are of great assistance during the 
aniinars l<*ng l^aps. The pelvic ligaments are stronger in the 
Chimpanzee thuti in the Orang, as might be supposed from a study 
of their linbits. 

'rhe ligaments of the shoulder girdle are relatively stronger in 
t o Orang than in Man. 

I'he external semilunar cartilage is crescentic in Man and the 
Orang; but it forms a complete circle in the Gorilla and 
CJhimpiinzee. 

I'he organs of circulation differ in some respects from those 
in Man. 'J’lie heart is, relatively to the size of the body, smaller 
in the Apes than in Man. Tiie interior of the heart is generally 
similar in all, but there are small differeiices in the arrangement 
of the pafdllary muscles and chorda' tendincte. The pulse is 
similar in Man and the Chimpanzee (72). 

])eniker (18) pointed out that the ductus arteriosus in the 
Apes remains oi»en till the end of the milk dentition, but more 
work is necessary before this generalization can he made. In 
Man the ductus clo^e8 about tlie tenth day after birth. 

Keith (44) and Deniker (18) have made investigations into the 
arrangements of the branches of the aortic arch. From these 
records and from my own ol^servations I find that Man, the 
(hnilla.and some Chimpanzees, Cebida?, hkleutates.and Marsupials 
have an identical arrangement. In many Chimpanzees, the 
Oiung, and Gibbons the arch only gives oft’ the innominate and 
left subclavian arteries. Thus Man has a primiti\e arrangement 
of the branches. 

In the Orang and Chimpanzee there are relatively fewer 
branches of main arteries than in Man. This is seen in : — 

1. 'i'he ophthalmic arteiy. \ 

2. The occiuito-auricular trunk. 

3. The linguo-facial trunk. 

4. The incomplete separation of the two humeral circuinllex 

arteries. 

5. The branches of the abdominal corbi. 

ft. The branches of the external iliac artery. 

7. The branches of the hypogjistric artery. 

8. The bmiiches of the femoral artery. 

9. The arteries of the perineum. 

10. The poorer haemorrhoidal vessels. 

11. The absence of large arterial anastomoses round joints. 

12. One ovarian artery springs from a renal artery. 

Proc. Zool. Soc.— 1924, No. XXX. 30 
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All these differences would show that Man has a more sub- 
divided arterial system, with a consequently steadier flow of blood 
to the tissues. 

The lymphatic glands are relatively fewer in the Orang and 
Chimpanzee (72) than in Man, but the examination of anitiials 
soon after a meal might reveal more small nodes in the abdomen. 
These Apes also differ in the sizes and aiTangement of the groups 
of glands in the neck. 

The thyroid gland exhibits a considerable range of variation, 
but the lobes are always thin and flat. The thymus is in this 
young animal relatively larger than in a child of the same age 
(3 years). The blood-vessels of the thyroid gland exhibit a 
considerable range of variation. 

The blood gives positive precipitin reactions with that of Man 
and the other Apes, but the red blood corpuscles are relatively 
wider than in Man. 

The ovaries are relatively larger than in Man. The uterus 
has no macroscopic division into body and cervix in this young 
animal. The anterior vaginal wall lodges the meatus urinaritis, 
and the groove on the ventral surface of the clitoris forms part 
of the wall. The vulva has no vestibule as in Man. The labial 
parts of the external organs of generation are larger than in 
adult animals. 

The pelvic floor is not complete in this young animal. 

The rectum is straight, and its mucosa is not completely 
folded as in the Chimpanzee. 

The larynx differs from that of Man in : — 

1. The presence of air-sacs. 

2. The form of the thyroid and cricoid cai’tilages. 

3. No cartilages of ISantorini or Wrisberg exist. 

4. The vocal cords do not project. 

5. There is no promontory, 

6. There is no oblique arytenoid muscle. 

7. The thyro-arytenoid cannot be separated into parts. 

8. The vallecula is shallow^ 

The Drang differs from all Primates in the absence of any 
subdivision of the lungs. Among Mammals this condition exists 
in some specimens of Phascola/rcios and Phaacolo^nyB^ Bradypm^ 
and some Cetacea. As the lungs are divitled in the LoriNes, one 
cannot say that non -division of the lungs is associated with 
sluggish habits. 

The optic nerve is immense ; the facial nerve has no temporal 
branches, and the vagus nerves differ from those in Man in 
details. The left sympathetic cord becomes the left splanchnic 
nerve. The solar plexus has flattened ganglia. Bmnches of the 
vagus run as far as the splenic flexure of the colon, but these 
flbres may be sympathetic nerves which entered the vagus 
higher up. 

The brachial plexus resembles that of Man more tlian does the 
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plexus of the other Apes. And the lumbar plexus differs from 
ttmt in Man in the relatively smaller nerves of origin of many 
of the nerves. Only two sacral nerves enter into the sacral 
plexus in all Apes. 

The globe of the eye is small and the optic nerve is immense, 
but I am unable to draw any conclusion from these points till 
fresh material becomes available. It is well known that the size 
of the eye varies inversely to that of the body, but there may be 
other physiological reasons for the conditions of the ocular 
apparatus in the Orang. 

The cuticular scales on the hairs of the Orang are quite unlike 
those of the other Primates. 

Taking the anatomical conditions as a whole, the Orang exhibits 
primitive, specialized, and retrogressive features. 


Pathology. 

We are ignorant of the diseases from which the Orang suffers 
in its native haunts, but we have many specimens which show 
that it is frequently badly injured by falls from trees. Animals 
in captivity suffer from hepatic, colonic, pulmonary, and blood 
diseases. The following table shows the causes of death of some 
Orangs, which lived in the Society’s Gardens : — 


No. 

Date of 
Death, 

Lfe in Gardens. 

Causes of Death, 

1. 

30. 10. 01 

1 year, 4 months. 

Hepatic congestion. Jaundice. 

2 . 

13. 10. 02 

1 year, 4 months. 

Hepatic congestion. Cerebral oedema. 

3. 

17. 9.04 

6 days. 

Jiiundice. Pachymeningitis. 

4. 

20. 6.07 

10 mouths. 

Aiiiemia. 

6, 

6. 7. 10 

2 years, 1 mouth. 

Bronchitis. Colitis. 

6. 

6. 8.12 

6 months. 

Pneumonia. 

7. 

29. 7. 16 

B years, 6 months. 

Generalised tuberculosis. 

8, 

6. 7.23 

1 year, 2 months. 

Ruptured cerebral artery. 


The last-mentioned animal in the above list had been success- 
fully tre^ited during its stay in the Gardens for scabies, nasal 
cataiTh, and carbon-monoxide poisoning. 
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ON THE ANATOMY OF THE ONANG-OUTAN, 


EXPLANATION OF THE PLATES. 

PXATB 1. 

Pig. A. Heart of tlie Orang opened from the right side. C.T).V.S., congenital defect 
ill the septum; C.8., coronary sinus; C.T., crista terminalis; F.O., iossa 
oralis. 

Fig. H. Heart of the Chimpanzee opened from the right side. 

Plate II. 

Fig. A. Heart of the Orang opened from the left side. 

Fig. H. Heart of the Chimpanzee opened from the left side. 

Plate HI. 

Fig. A. The external generative organs. CL., clitoris ; L.Ma. & Hi., labia migora 
and minora; M.V., iiions veneris. 

Fig. H. Vei*tical section through the skull. B-C.A.B., 1)8si>cranial axis; C.C.T.S, 
cancellous tissue at site of sphenoidal sinus; IJ.P., hard palate ; I.T.H. 
and inferior and middle turbinate bones; P.T., pennunent tooth. 

Plate IV. 

Fig. A. Skulls of the Orang and Pekinese dog. 

Fig. II. Hair of the Oi*aug showing cuticnlar scales. 
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18. The Statos of the Kaii);raroo Island Kangaroo [Macropiis 
faUginoms Desm.j. By FiiKDEuio Wood Jones, M.B., 
'b.Sc., F.Z.S. 

[iUceived February 11, 1924 : Read March 18, 1924.] 

(Text-figures 1~4.) 

On Monday, March 22nd, 1802, when Matthew Flinders 
stepped ashore on the island which, ** in gratitude for so season- 
able a supply of kang»iroo meat, lie named Kangaroo Island, 
he made the first recorded acc|uaintance with the animal subse- 
<]ueiitly known as Macropm fuliginoaua. In the account of his 
voyage * he says : ‘ A number of dark-brown kanguroos were seen 
feeding upon a gi-ass plot by the side of the wood ; and our 
landing gave them no disturbance. I liad with me a double- 
barrelled gun, fitted with a bayonet; and the gentlemen my 
companions had muskets. It would be difficult to guess how 
many kanguroos were seen ; but I killed ten, and the rest of the 
party luiuie up the number to thii*ty-one, taken on board in the 
course of the day ; the leiust of them weighing sixty-nine, and 
the largest one liundi’ed and twenty- five pounds. These kangurcos 
had much resemblance to the large species found in the forest 
lands of New Soutli Wales ; except that their colour was darker, 
and they were not wholly destitute of fat.'’ 

The kangaroo which provided Flinders and his crew with so 
s«*a8onable a supply of fresh meat was abundant, was exti-emely 
tame, and was like Afdcroptts giganteus (the large species of the 
forest lands of New 8outh Wales), but dai^ker (dark brown) in 
colour. ' 

The next historical first-hand account of the Kangaroo Island 
Kangaroo hi\s more interest for the systematic zoologist. Between 
December 27th, 1802, and Febrnaiy Ist, 1803, Peron visited the 
same island, which he named lie Deeres, and recorded his 
observations at some length. 

Of the kangaroos he sayst that they were “Jes plus grandes 
de la famillesingulaire des Kanguroos. Plusieurs de ceux de Tile 
Deeres sont de la hauteur d'un homme et plus, lorsqii' assis sur les 
jambs de derri^re et sur la queue, ils tiennient leur corps perpen- 
diculaire. Favorisee par Fabsence de tout ennemi, la multipli- 
cation de ces gmnds quadruples a 6t6 considerable dans cette 
ile : ils y forment de nombreux troupeaux. En quelques endroits 
plus habituellement frdquentes par eux, la terre est tellement 

• * A Voyage to Terra Anitmlia, 1801-1803.’ London, 1814, vol. i. p. 169. 

t ‘ Voyages uux tvrre# Australon,’ 1816, p. 76, 
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foulce qu’on n*y voit pas ua brin crherl>e. De largos sentiers, 
ouv«rl>s au milieu des bois, vieniient ahout.ir de tons le.^ points de 
rir»terieur au rivage de la mer ; ces sentiers, qni se croisent dans 
tons les sens, sent partout forteinent battus : on ponnoit croire, 
en les voyant d’abord, (pi’uno peuplade nonibreuse et active Imbite 
dans le voisinage. 

“Cette abondance de Kanguroos pendant lenr ebasse aiissi 
facile que profitfibJe, nous puines nous en procurer vingt-sept, 
qu’on embarqua vivans k bord de notre navire, independannnent 
<le ceux qui furent tin^s et manges par rcqiiii>age. Cette preeieuse 
acquisition ne nous coAta ni munitions ni fatigue ; nn seal cbien, 
non) me JSpott^ fut notre pourvoyeur : 1‘urme par des pcclieuis 
Anglois k ce genre de chasse, il poursuivoit les Kangaroos; ct 
lorsqu’il les avoit joints, il les tuoit aussitut, en leur dechimnt les 
art^res jugultiires. Il ne falloit rien moins cjue la presence et les 
cris du chasseur pour ari-acher la victinie a une niort certaine. 
Avec un tel chien, avec une telle m6tlio(le de chasse, il n’est pas 
douteux que plusieurs homines ctablis sur Tile Deci As anroient 
pii se procurer une nourriture abondante : on com^oit tncine q)ie 
la race innocent et foible des Kanginws seroit infalliblenient 
detruite en peu d ann6es par quelques chiens de Tespeco de celui 
dont je parle.” 

From this very granhic account it nppeai-s that P(b‘on con- 
sidered the animal to be the largest of all the kangaroos, that 
it was extremely abundant, and was easily run do^M) by such 
a dog as “ Spott.” But far more interesting is tlie delinito 
statement that no less than twenty-seven vveie bikeii on l>oa)<l 
alive and were spoken of by their captors as being a precious 
ac(]uisition. 

Combining the accounts of the English and Frenidi navigators 
we may be satistied that a very laigt* kangaroo, in general like 
Jf. giganteus^ but darker blown in colour, was aVmndant on 
Kangaroo Island. We may also acceiit the genei-alisations that 
it vv)i8 very tame, and so slow as to he easily captuied by a dog. 
Of this very large, dark, slow species of kangaroo, Peron took 
away twenty-seven living specimens; that some of Peron’s speci- 
mens reached Paris, and were those which fornied the basis of 
] >es mares t's account of sM. fnlighvmis is, 1 contend, beyond doubt. 
Of the prominence of the type of this species Desmarest : 

“ 11 y a lieu de croire que cette espto habite I’ile Deeres, sur la 
cote Slid de la Nouvelle-Hollande : car Pcr*on dit qu'on y trouve 
lea plus gi’ands kanguroos conn us, et que quelques- uns de ceux 
qu’il y vit etoient de la hauteur d’un honiine et plus lorsquils 
etoient asais aur leurs janihes de deri’icre.’’ Desmarest proceeds 
to quote Peron 's account of the animars habits, and concludes by 

* ‘ Manunalogic, on dosenption des e8p^ces de Ma^mlif^reR* par A. 0, DesmareBt. 
Prfuneie Partie. Parm, 1820, p. 272. DeBinarcBt’s work is not available in 
Afbbiide, and 1 atn inucb indebted to Mr. Cllmrles li^rdley for tratiAcnbio}; tbe 
ijuoted pasrages from a roj»v iu tbe Library of 8)dney. 
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saying; ** Une grande eHptVe de kanguroo se ti*ouve aiix environs 
du port Jackson, et ne diftcre pent-otre pas de celle-ci.” 

Despite the clear account of Pevon and the testimony of 
Desmarest’s statement that “ 11 y a lien de croii-e qne cette esp^ce 
habite Pile Deeres,” the subse<j[iieiit history of M, fidiyinoma 
has become strangely confus^Ml. 

In 1888 Oldfield Thomas, speaking of M, giganteua van 
fnUginoms^ mya* i “This is obviously the usilal Tasmanian 
climatic variety of the common kangaroo, and its modifications 
are just those which might have been expected, 

“The original habitat of this form was said to be Kangaroo 
Island, 8outh Australia, where Desmarest states, but with soirie 
doubt, that it was obtained by Pdron and Lesnenr. This doubt 
is confirmed by the fact that {Jide Gould) it does not exist on 
Kangaroo Island, and by its common occnrience in TasinniUH, 
where those collectors spent a considerable time.” 

Gould, in 1863, does not appear to doubt that the original 
specimens of Peron and Lesneur came from Kai^gnroo Island, hut 
he added that he believed the animal w^as no longer to be found 
there. So far as I can ascertain, Gould did not himself visit 
Kangaroo Island, nor did he have collections made in that 
locality ; not very much value should, therefore, he placed 
upon his mere statement that he believed 3/. ftdighiosvs no 
longer existed on the island. The statement certainly did not 
deserve to be (juoted as a dogmatic assertion that “ it does not 
exist on Kangaroo Island.” Ki'eift, in 1871, followed Gouhl, 
and says: “Little is known of this species, which vas first dis- 
covered by French voyagei's on Kangaroo Island, where it is not 
now to be found.” Later writers, such as Ogilbv. 1892 ; Kidiard 
Lydekker, 1894; Liicas and LeSouef, 1909; and Angel Cabrera, 
1919, do not even mention the possibility of its ever having lived 
on Kangaroo Island, or of the original specimens liaving come 
from there. They one and all assume that the Tasmanian animal 
is the ty|ie of the species and the only representative of it tlmt 
lias ever existed. Yet all the while that GouUrs, by no means 
dogtnatic, statement was being copied fiom book to hook and 
gaining an air of finality in the process, the animal was living nri 
Kangamo Island, and its pelts were coming regularly into the 
salerooms of Adelaide, where, instead of being preserved as 
museum specimens for a permanent memorial of the species, they 
became absorbed into the fur or the leather ti*ade as the per- 
fection of the pelage dictated. 

We may sweep aside Gould's assumption ns wholly incorrect. 
At the time when he penned his disbelief in its existence, the 
animal was living in thousands on the island. It appears to me 
that it is unlikely that Oldfield Thomas would liave read so much 

* Catalogae of the MarRupielifl and Monotremata in the collection of the British 

Museum. London, 1886, p. lU. 
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doubt into Desmarest’s account of its habitat had he not had the 
apparent corroboration of Gould’s evidence. I think, therefore, 
that under the circumstances we are justified in saying that 90 
real evidence has been brought foi*ward to show that the large, 
dark kangaroo, which P 6 ron obtaineii on Kangaroo Island, was 
not the animal from which Desmarest described if. fvXiginoms, 
Indeed, it is diflicult to accept any other conclusion, and I, 
therefore, assume that the Kangaroo Island kangaroo, and not 
the Tasmanian kangaroo, is the type of the Kangaroo Brun 
Enfume or Kangurm fuliginosm of Desmarest. 

A consideration of these circumstances justifies a re-examina- 
tion of the large kangaroo of Kangaroo Island, and to that end 
I have paid two visits to Flinders Chase, the fauna reserve at 
the western end of the island, in order to see the animal in a 
state of nature; and I have obtained skins and skulls of typical 
specimens. A small series of skulls, for the most part of i-atlier 
immature animals, is preserved in the South Ansti-alinn Museum 
and, with the kind permission of the Director, I have also availed 
myself of this material. 

Apart from the material I have collected, and the few skulls 
in our local museum, there seems to be very little of this animal 
(which has been a stock article of commerce for many years) 
preserved in collections, 

A careful examination of the available material shows clearly 
tliat the animal is quite distinct from M. gigantena, and that it 
can by no means be regarded merely as an insular variety of that 
species. 

The original description of Desmarest is as follows : — 

“ Car* EssenU Pelage d’un brun fnligincux en dessus, d*nn 
gris clair en dcssous : pattes et queue noirUtres: cel)e-ci fauve en 
dessous vers sa pointe. 

Dimens, (MUle). 

pied. pouc. lig. 

“ Longueur totale de corps et du la tete ... 4 6 — 

„ „ de la tete — 9 — 

„ „ de la queue 2 3 — 

“ Femelle d’un cinquicme plus petite. 

“ DeacripL Pelage d*un hi un fuligin’eux, plus fonc<^ sur le dos 
que sur ses cotes, cette couleur passant an gris clair sous le cou, 
Ja poitrine et le ventre; dehors des oreilles (qui est pen poilu), 
museau, bout de la queue en dessus et extremities des quatre 
pattes noiratres ; oreilles bordces des polls blancs ; pointe de la 
queue fauve en dessous, 

Ces polls, considcres isolement, sont foiblement anneles ; ceux 
de l^extrdmite des pattes sont brun-noh&ties, msis tei minds de 
Wane ; ceux du dessous du cou sont bnin-cendids k la base, avec 
I’extiemitd blanche : ceux de dessus de la queue sont d’up brun- 
noir uniforme. 
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•‘Dans la mlichoire snpdrieui'e, les qna-tre incisives inter- 
nK^diairea sont beaucoup plus petites que les Jaterales/' 

It seems obvious that this description applies well to the 
animal which Flinders said ‘-had much resemblance to the lar^^e 
species found in the forest lands of Kew South Wales; except 
that their colour was darker/’ It is quite certain that it applies 
well enough to the animal which lives on Kangaroo Island 
to-day. 

An extended description of the species, written from recently 
collected material, is as follows: — 

Size large, the adult males being considerably larger and more 
heavily built than even the l^^rge^t sfjeciraens of M, giganteus. 
Form robust, even clumsy, the old males appearing as almost 
gigantic lumbering creatures. Hind limbs and tail somewhat 
short, and manus extremely large. Tlie general colour is a dull, 
(lark sombre bmwn : the geneml coloration being considerab)}'^ 
darker than that typical of J/. gigaiiievs. The fur is devoid (>f 
sheen and the appearance might be described as dusty. The 
mid-dorsal line is considerably darker than the sides of the body. 
The individual hairs of the raid-dorsal region aveiage 25 mm. in 
length : they are dark sn)oky brown at the base and lighter at 
the tips. At the sides of the body the hairs reach a length of 
55 mm. and each hair is dull smoky brown at the base and pale 
dull browni at the tip. The hairs of the mid-dorsal n»gion are 
straight : those at the sides of the body are crenated, and give 
the coat a shaggy apjiearance. 

The slioulders and the cfjst^il region are somewhat paler than 
tlie region of the sides of the abdomen and loin. The ventral 
surface of the body is clothed with hair upwards of 40 mm. in 
length, dark smoky brown at the base ard white, dirty white, 
or pale brown at the tips. The crown of the head, as far for- 
wards as the middle of the eye, is dark brown, being darkest in 
the middle line. The cheeks homewbat lighter. From the middle 
of the eye to the extremity of the rhinariimi the colour becomes 
increasingly dark, the muzzle itself being nearly black. The chin 
is dark, the colour becoming paler further back so that the throat 
becomes increasingly white by the admixture of palo-tippcd hairs. 
Outer aide of the limbs dark brown, conspicuously grizzled with 
white-tipped hairs; inner side pale brown. A dark patch is 
rather conspicuous over the region of the ellx)w. Lower part of 
fore-arm increasingly dark in colour, the wliite-tipped liairs 
ceasing about the middle of the fore-arm. Wrist and manus 
black. 

Hind limbs dull bi'own. Pes clothed with short hairs, which 
become pider at the margins of the soles. From the base of tbe 
digits onwards to the tips the light bi*own hairs give way to dark 
brown and finally to black. The large fourth digit is entirely 
black. 
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The tail is enormously thick and relatively short, its great 
girth being maintained for the greater part of its length. On 
ihe dorsal surface the base of the tail is clothed with dark brown 
V)ody-hai!*a. this soon gives way to short, closely adpressed, brown 
hairs which become increasingly dark as they are traced distal ly. 
The terminal half, or more, of the dorsal surface and sides of the 
tail clothed with glossy, closely adpressed, black liairs. The 
ventral surface of the tail has what almost amounts to a ventral 
crest of coarse harsh longish hairs of a dirty yellowish -brown 
colour. The ears are clothed with short dark brown hairs 
externally and with whitish hairs internally. The rhinarium is 
hairy to the tip, only a narrow margin of black naked skin sur- 
rounding the nostrils. The eyelaslies are present on both lids 
and are black in colour. The fac’al vibrissm are sparse and 
black ; none of them measuring more than 60 mm. The claws 


Text-Qgure 1. 



Posterior views ot skulls of (A) Macropug fulitfinosus aiul (H) Macropug pitfantevg 
to show the difference in form. The skulls ure of pVHctically the same baii>al 
length and the aniinttls of the same age. Quarter natural size. 


are entirely black ; on the manus that of the third digit is 50 nmi., 
and on the pes that of the fourth digit is 55 mm. long. Tins 
male differs from the female in being considerably larger and 
usually somewhat lighter in colour. Old males nearly always 
have the ciiest almost wiiite in marked contiust to the black face 
and extremities. 

The skull presents some remarkable and constant characters 
wliich serve to distinguish it at once from that of J/. giganteus. 
In general, it may be said that the greiit depth of the posterior 
portion of the skull and jaws in J/. fullginosm readily dis- 
tinguishes it from the mainland Grey Kangaroo. Tliis distinc- 
tion is very easily appreciated by an examination of the skulls of 
the two species, and becomes obvious in a series of measurements. 
It is illustrated in scale drawing A, text-fig. 1. The postei’ior 
nares are considerably lower than they are in M, giganteiis, the 
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breadth of the opening exceeding the heiglit, whereas the reverse 
is usually the case with M, giganteus. The external pterygoid 
processes are shorter, stouter, and more strongly everted than 
they are in the skull of any other kangaroo with which I am 
ac()uainted. 

The different species of the large kangaroos differ rather 
remarkably in a somewhat peculiar point in cranial architecture; 
for the openings which transmit the anterior |)alatine nerves 
have a very variable relation to the incisive canals. In 
M. giganieus these foramina are situated well behind the incisive 
canals, in Af. rufm and M, robustua the foramina are situated 
at about the mid-point of the canals ; in M. fuJiginosus, in con- 
trast to AI. gif/anieus, they are situated alongside the hind ends 
of the canals. Moreover, the maxillary -premaxillary suture, 

Text- figure 2 . 



The anterior extremities of the palate and incisor teeth of (A) JUucropus ^njautcits 
aiii (B) Macropus fuliginosus. Half tiaturul size. 

which in AI, giganUics runs backwarcls some distance from the 
incisive canals before it turns laterally across the palate, runs 
obli<|uely backwards and outwards from the hind end of the 
canals in M. /uliginosiis (see text-figure 2 ), The nasal bones are 
relatively short. 

These features serve at once to differentiate the skulls of the 
two species ; but, in addition to them, there ls the remarkahle 
size and specialization of the last upper incisor tooth, a feature 
to which Desmarest directed attention. His statement that 
‘‘ dans la michoire supdrieure, les quatre incisives intermediaires 
sont beaucoiip plus petites que les 10.101*8168^^ may be rendered 
more precise by saying that the length of the last incisor exceeds 
the combined lengths of the two anterior incisoi-s. Tliis great 
size of the last incisor distinguishes the species from all other 
kaugoi’oos, for although the lost incisor of M, giganteua is a 
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highly specialised tooth it falls considerably short of that of 
M.Jaliginoma (see text-tig. 3). 


Text-figure 3. 




The upper incisor te^tli o*-' > lo#*' fjido of (A) Jfacr >'>'<« f'fJi^inoius and (H) 

Macropus gipantsus. The shiilis lire of priictirally the same basal length 
and the animals of the same age. Natural size. 


Dimensions of Skulls o/*M. fuliginosus from Kangaroo Island* 



1 

2 

3 

4 

5 

0 

7 


F.W.J. 

aA. 

Mus. 

F.W..T. 

F.W.J. 

S,A. 

Mas. 

aA. 

Muh. 

aA. 

Mus. 


(? 

no. 1895 

? 

? 

no. 1800 

no. 1893 

^ no. 1892 

Basal length ... 

187 

162 

156 

156 

152 

114 

IIU 

Breadth 

luo 

92 

88 

— 

85 

82 

85 

Nasalfi, length .. 

72 

55 

56 

53 

52 

52 

55 

Pahite length ... 

125 

103 

99 

101 

98 

9i 

92 

Diaotema 

56 

42 

42 

43 

41 

42 

42 

Length of I* ... 

13 

12-6 

13 

13 

11 

11 

11 

Width of hack 
of lower jaw . 

100 

91 

90 

— 

85 

8i 

83 


None of these skulls belong to an old adult; in No. 1, the 
largest of the series, the fourth molar is only just erupting; 
the remaining skulls are considerably younger. 
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Coraparaiive memurementa of Skulls ^M. giganteus, 
South Australia, 



G.4 

0^ 

G.3 

G.6<J 

G.2.9 

6.7.? 

G.1.(J 

Basal Isngtii ... 

177 

177 

174 

172 

153 

150 

112 

llreiuUlt 

89 

89 

86 

89 

82 

76 

65 

Nasals, lon);rth . 

71 

76 

74 

70 

67 

60 

44 

Palate length ... 

lie 

114 

113 

113 

1(H) 

96 

70 

Diastema .. 

67 

65 

66 

51 

47 

44 

27 

Length of P ... 

11 

— 

— 

11 

11 

10 

10 

Width of buck 
of lower jaw . 

88 

87 

81 

85 

77 

74 

69 


Judging from tlie dental cliaracters, A[, gigantem G.4 and G.5 
are conipa, ruble in age to M./uliginosus iso. 1, and J/. gigauteas 
G. 2 to M , fttliginosm No. 2, 

Tlie animal growth to a very great size, and it is safe to say 
that no i*eally large specimen has ever been examined by «i 
zoologist. Skull No. l,with a basal length of 187 mm., Monged 
to ail animal which measured 8 feet 2 inches (2450 nirn.) from 
nose to tail in the flesh. This specimen was not considered to be 
by any means a large one by men familiar with them, and, since 
its fourth molar was only just beginning to erupt, it was a fairly 
young animal, I have seen a living sfieciinen which 1 believe far 
exceeded this one. The skin of a typical young male from 
Flinders Chase has the following dimensions : — 


mno. 

Head and body 1450 

Tail 850 

Hind foot 315 

Ear 120 


Seen in its natural haunts it is a lumbering, rather stupid 
looking, creature ; clumsily built and slow of movement, and 
with conspicuously large “hands/' It must be by far the slowest 
of all the kangaroos and, as in the days of Pcroii, it is still easily 
run down in a comparatively short distance by a very ordinary 
dog. Many people must have heai*d, with varying degrees of 
incredulity, the stories of kangaroos picking up a dog and 
hurrying with it to the nearest water-hole, wherein they plunge 
the dog and hold it under till drowned. In the case of J/. /iJi- 
ginosus this liabit is a very real one, and every season the men 
who hunt these animals lose dogs in this manner. In the 
ordinary way, however, this kangaroo is tlie most gentle, and 
the quietest, of all its kind. In captivity it shows little of the 
restlessness which eharacteiizas some species, or of the truculence 
which cliaracterizes others. It is a placid creature, “innocent 
et foible" in 1923 as it was in 1802. Upon the western end 
of Kangaroo Isifuid it lives in the densest bush composed of 
Eucalypti and Melaleuca or in the scrubs of Callistemon and 
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Xanthorroea (see text-6g. 4), and comes out into the open giTuss- 
covered spaces to feed. It is by no means strictly nocturnal, 
ami ill the thicker parts of the bush it is not particularly shy. 
Asa rule, it is seen eitlier solitary or in pairs; but occasionally 
small parties congregate in the open grassy places in the islanii. 
It breeds only once a ) ear ; the young is born as a rule in January 
and remains in the pouch until October. 

Macropm julvjluusns still exists in some tliousandson Kangaroo 
Island, and, fortunately, it is proi>able that (jiiito half the kan- 
garoo poj)ulation is living on the reserve of Flinders Chase, which 
consists of some 200 square miles of broken bush-covered country 
at the ivestern end of the island. This faunal sanctuary is 
administered by n Board and conserved by a resident Hanger. 

Text-figure 4. 



Typical habitat of Macropus fuliginosus. On rijylit of foretp’ound Xanthorroea and 
'Euealypti'i distant scrub with Hakeut Melaleuca^ and Callisiemon. 

Outside tbe reserve the legislation only grants the animal 
|>artial protection, the oiien season being fi*oin April 1st to 
September 30th, ' 

During the open season the kangaroo is killed very freely. 
Ill 1922 two men slaughtered 600 on a rather limited holding, 
and during the pj-esent season 300 more were killed at the same 
place. These animals are skinned for the leather trade. Although 
its tenure of existence appears assured within the sanctuary of 
Flinders Chase, the indiscriminate slaughter of this line animal 
on other parts of the island is much to be deplored. It is ho|)ed 
that a full measure of protection will one day lie accorded to the 
species throughout the whole of its island home. 
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19. The Myology of the Tree-Shrew {Tupaia minor). 
By W. E. Lk Gros Olark, F.R.C.S.Eng., F.Z.S. 

[Received Januar}* 9, 1924: Read March 4, 1924.] 
(Text-figures 1 -24 . ) 

The only record that deals in detail with tlio musculature of 
the Tree-Shrew is Leohe’s (8) monograph “Zur Anatomie der 
Beckenragion bei Insectivoren,’* where the muscles related to the 
pelvis are described. Oarlsson (2), in order to institute a com- 
parison between Tupaia on the one hand and the Insectivora and 
Prosimiae on the other, gives brief notes on the muscles. These 
notes, however, are wanting in detail and, in aildition, contain 
statements which difter curiously from my own findings. 
Kaudern (5) has dealt with the abdominal muscles of Tupaia^ 
showing their remarkable resemblance ti> those of the 
Lemuroidea. 

With the above exceptions, the literature of the myology of 
Tupaia is limited to a few references to isolated points in papers 
of a general nature. 

It is well known that the anatoitiy of Tupaia is of very 
[>eculiar interest, indicating a unique combinatiou of primitive 
features with pximate chamcters, and, if even for this reason 
alone, it is considered of great i!n|>ortance that a full and detailed 
anatomical description of Tnjmia should be given. 

The present paper deals with the skeletal musculature of the 
Tree-Shrew and the evidence which may he adduced from it 
regarding the systematic position and aHinities of the animal. 

With regard to the value of comparative myology for systematic 
purposes, sufiicient attention is not commonly given to this> aspect, 
possibly liecause of the tacit assumption that muscles are so 
directly related to the environmental activities of the animal 
that they readily undergo changes associated with clianges 
in the latter’s habits of life. Tliis effect of euviroiiment, 
however, is undoubtedly very much less than is usually supposed. 
A forcible illustration of this has been given by Parsons (11), 
who, dealing with comparative mammalian myology, has sbitod 
that the muscles of the arboreal squirrel hardly differ at all 
from tlioee of tlie burrowing marmot.” Curiously enough, 
however, he appears surprised at this, and suggests that the 
Squirrels have not acquired their arboreal activities for a suffi- 
ciently long time to produce the assumed arboreal ” changes in 
the muscles. Against this it may be argued (1) that no such 
change of even an incipient uatui*e are noted in the S(|uinel, and 
(2) that no observer can doubt that the Squirrel is m completely 
adapted to its mode of life as is required. From this, it appears 
that an almost identical arrangement of muscles can be associated 
Proc. Zool. Soc. — 1924, No. XXXI. 91 
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with different modes of life, and that the anatomy of the muscular 
system may be of considerable taxonomic importance. 

Muscle variation among mammalian types takes place more by 
the disappeaiunce of a muscular element and slight changes 
in the attachments and intrinsic differentiation of individual 
muscles rather than by the addition of a new element, and in 
the manner of the distippearance there are two extremes. In 
the one case, a muscle element may dis/ippear completely, leaving 
no trace of its former existence and in quite an inexplicable 
way — such as the brachioi'adialis in Insectivores, and, in the 
other cjise, a vestigial and apparently useless muscle may persist 
as an indication of a former moi*e complete development, bucli as 
the planttvris and auricular muscles of Imman anatomy, iloth 
tliese phenomena are of importance in discussing systematic 
aliinities. 

In the case of the Tree-Shrew, we are fortunate in having a 
“control” which we may use for purposes of comparison in order 
to ascertain whether some of the peculiar features of the Tupaiidjc 
may not be in the nature of adaptations to arboreal habits of 
life. This control is the Squirrel, an animal ifi no way related 
to the Tree-Hhrew. To anyone who has wandered into jungles 
in search of Trtsi-Shrews, the. siriiilai ity between the.so animals 
and Squirrels, in their shape and form, and in the manner of 
their activities among the branches, is remarkable. It has, 
indeed, been suggested that we have here iin example of 
animal mimicry. There seems no doubt, then, that so far as 
concerns their muscular system, the environment of these two 
animals is almost identical. Now, it may he remarked here that 
one of the objects of this paper is to institute a comparison 
between the Tupaiidce on the one side and the Insectivora and 
Lemuroidea on the other, with both of which orders the 
Slirew shows affinities. Points of resemblance between the 
muscular anatomy of Tupata nwiX the lemurs might be cluitned 
as instances of convergence associated with similar arboreal 
habits, and it is here that the Squirrel will be useful in or<ler to 
ascertain whether such muscular modihcations are invariM.hly 
correlated with such habits. It may also be pointed out that 
the various species of the Tupa.iid*e difter considerably in the 
degree of their arboreal activities. The smaller species with 
relatively longer tails (e. g. minor) are thoroughly arboreal, 
and though they are at times seen in the undergrowth a short 
distance only from the ground, they are frequei»tly found among 
the liigher branches of the large trees. The larger species 
(e. g. T. ferru(finea) with relatively shorter tails are much less 
arboreal. Wood- Jones (14), indeed, refers to these latter as “ bush 
animals.” Yet tliese different species show no corresponding 
difference in the disposition of their muscles. This will, perhaps, 
serve to indicate sufficiently conclusively that there is very little 
question of secondai*y adaptation to arboreal life as an explana- 
tion of some of the primate features found in the muscles of 
Tupaia. 
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Facial Muscles. 

M, Ocoipito-fTontalia, — The fibres of this muscle take origin 
from the occipital crest behind, and run forwards along the 
dorsum of the nose. Posteriorly some of the fibres are detached 
from the main mass to form two distinct buiuiles which gain 
attachment to the concha of the ear, forming a retrahens aurem. 
More anteriorly some fibres take origin from the deep aspect of 
the helix, and run forward immediately above the eye, partially 
blending with the orbicularis oculi and forming an attrahens 
aurem. Superficially to the posterior part of the muscle a 
well-mnrked band of fibres passes from the mid-dorsal line of 
the nuchal region downwards and laterally behind the ear to 
the ventral aspect of the neck. This muscular sheet in its course 
passes superficial to the platysrna below and behind the ear. 

The Platysma sheet spreads forwards from the mid-dorsal lino 
of the nuchal region and the lateral and ventml aspects of the 
neck to the upper and lower lips, blending with the orbicularis 
oris, the uppermost fibres rising from the fascia over tlie parotid 
gbind. The lower and medial margin of the muscle is well- 
defined, and in the interval l^etween the two muscles of either 
side can l>e seen the sphincter colli. 

J/. Sphhicler colli, — Tins consists of a thin sheet of muscle 
whose fibres cross the ventral aspect of the neck transversely. 
The most posterior fibres pass up on either side to gain a firm 
attachment to the lower part of the cartilaginous auditory 
meatus. 

M. Auricido-labialis. — Thismuscular sheet is apparently derived 
from the uppermost fibres of the platysrna, and runs forwards 
from the anterior part of the auricle to the upper lip and the 
malar region, the upper fibres passing forwards deep to the levator 
hihii superioris to blend anteriorly over the doraal aspect of the 
nose with the frontalis sheet. 

M, Levator lahii euperioHs, — A fairly w’ell- defined muscle, 
derived from the frontalis sheet and passing downwards and 
forwards from just above and in front of the eye to the upjier 
lip, paasing superficially to the zygomatic muscles. 

if. Orbicularis oculi. — This is a well-marked muscle the fibres 
of which are disposed in the usual circular fashion round the 
eye. 

M. Zygomatlco-orbicidaris. — I have designated by this name a 
very distinctly circumscribed muscular bundle which rises from 
the upper margin of the anterior end of the zygomatic arch and 
is inserted at the posterior angle of the eye into the orbicularis 
oculi. This muscle corresponds possibly to the post-orbicularis 
slips noted (and figured) by Pai'sons and Wiridle (12) as occui- 
ring in the Oanidee. Nothing corresponding to this muscle 
is mentioned or figured by Dobson in his monograph on the 
Insectivora, 

M. Zygomatioi, — These muscles rise from the malar region 

31 ^ 
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below and in front of the eye, and run forward to the side of the 
nose. In T, ferruginea three well-marked slender tendons are 
present, but in T, minor one tendon only can be demonstrated 
with certainty on gross dissection. 

M, Erect, vibrissas, — This consists of muscle fibres arranged in 
an antero-posterior direction superficial to and among the zygo- 
matic muscles. 

M, Dilator naris, — A small muscle bundle, rising from the 
anterior end of the tendon of the zygomaticus and inserted into 
the outer wall of the nostril. 

M, Dorso-humevaiis et abdoniino-hnmeralis. — These are both 
weU-marked muscles. The two bundles are quite distinct at 
their origin, being separated in the axillary region by tlie external 
mammary vessels. At their insei'tion they are not en sily separable. 
The upper part of the abdomino-humeralis tendon is inserted 


Text-figure 1. 



Tree-Shrew. Facial musciilature. 

1. Platysma sheet. 8. Occ.-f rental is sheet. 6. Zygonri.-erhic. 

Superficial “sphincter 4. Aariculo-lubiahs. 7. Lev. luini nup. 

colli.” 8. lietrahens aurom. 8. Sphincter colli. 

into the capsule of the shoulder-joint in immediate continuity 
with the tendon of pectoralis minor. The lower part with the 
tendon of dorso-humeralis is inserted into the proximal quarter 
of the humeral shaft lateral to the long head of the biceps by a 
thin fascial expansion. 

The abdomino-humeralis runs backwards and medially to meet 
its fellow of the opposite side in a median raphe at the lower end 
of the pectoralis major, forming a sharp and distinct anterior 
margin which lies superficial to the pectoralis ma jor at the most 
posterior point of origin of the latter muscle. The margins of 
pectoralis minor and abdomino-humeralis are in contiguity, except 
where they are separated by the branch of the medial ant. 
thoracic nerve passing to pectoralis major. 

The dorso-humeralis spreads out over the back and sides of the 
trunk, reaching posteriorly to the lateiul surfaces of the thighs. 
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Neither of ^these muscles was traced to the root of the tail* 
Both muscles are supplied by the medial anterior thoracic nerve. 

M. 'frapezius , — Rises from the occipital protuberance and 
slightly from the adjacent part of the occipital crest, from the 
median nuchal raphe, and from all the thoracic spines. It is 
inserted into the whole length of the upper border of the 
scapular spine and to the base and medial end of the inferior 
border. The ninscde gains no attachment to the acromion 
process or clavicle. The insertion to the base of the spine is 
tendinous as in Man, 

M, Lemior scapulcn . — Rises in conjunction with the insertion 
of the longus colli from the anterior surface of the body of the 
alias. It forms a thick fleshy muscle uhich is inserted into 
the lateral margin of the acuomion process and outer extremity 
of the spine of the scapula, slightly overlapping the trapezius 
supeiTicially. Jt is supplied by the third cervicjil nerve. 


Text-figure 2. 



Diagnun illustmtiiii!: tla* |M*riphc'ral distribution of the facial nerve. 

M, Bhomhoidens capitis . — One slip rises from the anterior 
surface of the transvei^e process of the atlas, the main mass 
lieing a thin sheet which rises from the whole length of the 
occipital crest and from the median laphe for about T) inm. below, 
deep to trapezius. Inserted at the medial end of the spine of 
the scapula and at the vertebral border below as far as the 
inferior angle, passing deep to rhomboideus cejvicis. A few 
Hbres blend with the faacia covering supra spinatus. 

Jf. Belloidetts . — Rises from the lateral border of the acromion 
process deep and anterior to the levator scapulsa, and from the 
anteidor aspect of the lateral half of the clavicle. No origin 
from the lower border of the spine. 

Inserted into the deltoid tuberosity of the humerus. The 
muscle show's a bipenniform arrangement of its fibres as in Man. 

if. JHhomboideue c^rvieia ^ — A thick muscle, not separable into 
two dements. Rises above from the median nuchal raphe in 
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continuity with rhombouieus capitis, and from the first three 
thoracic spines. Inserted into the vertebral border of the 
scapula extending from the base of the spine to the inferior 
angle. 

M. Latiasimus dorsi . — Rises from the lowest seven thoracic 
spines and the lumbar aponeurosis, gaining no direct attachment 
to the iliac crest or to the lower ribs. Inserted to the floor of 
the bicipital groove. 


Text-figure 3. 



Scnpulnr inii8cl(»8 

8. Omohyoid. 8. Rhomboid, cap. 14. J^at. dorai. 

6. Tei-o-* major. 9. Rhouihoid. coll. 19. Triceps (outer lumd). 

7. Sapraspiiiatus. 10. Tcrca minor. 30. SpinO'humcralis. 

M, Spino-humeralia . — I have given this name to a flat muscle 
which rises from the 2nd to 6th thoracic spines, lying in the 
same plane as rhomboideus. It runs laterally across the inferior 
angle of the scapula to blend eventually with the tendon of teres 
major, and to be inserted with it into the humerus deep to 
the latiasimus dorsi, but easily separable from it. Some fibres of 
this muscle are inserted into the fascia covering the infra- 
spinatus. It is supplied by the middle subscapular nerve. 

M, Tei]e8 majo7 \ — Rises from the inferior angle and whole 
length of the axillary border of the scapula, and partly from the 
fascia covering the subscapularis. Inserted into the medial iip 
of the bicipitjd groove. The muscle is supplied by a separate sub- 
scapular branch from the posterior cord of the brachial plexus. 
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3/. Teres mivwr , — This muscle is superficial and closely applied 
to the infraspinatus, concealing the latter muscle completely. 
It rises from the medial half of the lower border of the spine 
of the scapula and from the vertebral border below the spine, as 
well as, to a slight extent, from the fascia covering the infra- 
spinatus. It is inserted into the humerus immediately below 
the infraspinatus and posterior to the upper end of the lateral head 
of triceps. It is supplied, as usual, by the axillary nerve. 

Carlsson (2) denies the presence of this muscle in T, javanica^ 
and thus admits a condition very fre(|uent]y found among the 

Text-figure 4. 


to 


6 


SliouUkr miticluH (left). 

/». Triceps (long head). 29. Doi*so-epitroc1i. 

(Other referenct‘9 as in 3.) 

Lipotvphla. I have found it uniformly present in the severnl 
Npi^cinicns of T. miiwr and T,femtyinea which I have examined, 
and 1 suggest that in the case of T. jaranica^ its close association 
with the infraspinatus has allowed it to he mistaken for the 
latter muscle. 

In dealing with rodents, Parsons (10) notes that the teres 
minor is “especially imlistinct in the Hoi iiiomoipha.” 

3/. l)or8o-epitrochle(iri8,—''V\\\^ muscle is completely duplicated. 
One part has the usual origin from the latissinuis doisi, uhile 
the other part bears a similar relation to the lower border of the 
teres major. A few fibres of this second muscle rise from the 
spinalis dorai component of the teres major, but most are derived 
from the teres major muscle itself. Both muscles are inserted 
independently into the olecranon process of the ulna, the teres 
major portion lying lateral to the portion derived from the 
latissimus dorsi. Both muscles are supplied from the bra,nch of 
the musculo- spiral nerve passing to the long head of the triceps. 

In connection with this duplication of the dorso-epitrochlearis, 
Parsons (13) notes an extra origin of the muscle from teres 
major in T<Uudiaf and additional slips fxom the scapula and 
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teres major in Orycteropm^ but there is no indication in these 
cases of two completely separate muscles. Duckworth notes 
tlie origin of the muscle by two heads from both sides of the 
latissinms dorsi in Lemur ^ and I have myself confirmed this 
point. Carlsson (8) implies that the Lemuridas agree with Tupaia 
in tlm conformation of this muscle, but I have never found any 
portion of the muscle taking origin from the teres major in 
Galago^ Nycticehm^ or Lemur ^ while Murie and Mivart in their 
work ( 9 ) make no mention of it. It is suggested also that the 
double condition of the dorso-epitrochlearis in Tupaia is asso- 
ciated directly with arboreal habits. This argument is nullified 
by the simple condition of the muscle found in many animals 
which are clearly more arboreal than the Tree-Shrew, while this 
is also the case in many cursorial mammals. 


Text-figure 5. 



l^ectorul region (Icit), The pectoral muselos cut and reflected. 

11. Peet. major. 92. St(*iiio-eoNta1i!». 9o. Kectua abdoraiiiia. 

3J. Pect. minor. 34. Scalenus posticus. 

M, Supraspluaias, — Rises from tlje supraspinous fossa, and is 
inserted into the great tuberosity of the humerus. 

M. Infvaspinuait^s, — Rises from the infraspiuoua fossa, lying 
deep to and wholly concealed by the teres minor. Inserted into 
the humerus below the preceding mu.scle. 

M, Suhscaj^idarist — This is a thick muscle, rising from the 
subscapulnr fossa and showing 4 or 5 tendinous intersections 
which make well-marked “ costae ” on .the scapula. Inserted into . 
tlie lesser tubei*osity. 

Jf. Peetoralu major, — Rises from the side of the whole length 
of the sfeenium and xiphisternum, its distal end being dverlapped 
by the abdomino-bumeralis and (to a very slight extent) by the 
tx*ansversus abdominis. No clavicular origin. Inserted into 
the outer lip of the bicipital groove, sending an expansion 



MYOLOGY or THE TREE-SHEEW. 


469 


proxiranlly to blend with the capsule of the shoulder- joint. At 
the insertion of the tmiscle the lower fibres tend to pass upwards 
deep to the upper fibres. Tlie bi*«nch of the medial anterior 
thoracic nerve which supplies the pectoralis major passes to the 
muscle partly by piercing the pectoralis minor and partly by 
running between pectoralis minor and the abdomino-humeralis. 

M, rectoralia minor.— Rises from the 2nd to 6th costal carti- 
lages, close to the sternal margin. Inserted into the capsule of the 
shouhier-joint. No attachment to the comcoid process (contrary 
to what was noted by Lander (7)). 

M. Sternocoaialis . — This muscle lies deep to pectoralis minor, 
rises from the 2nd, 8rd, and 4tli costal cartihiges, and is inserted 
into the anterior border of the 1st rib. 

M, Suhclavius , — A well-marked muscle, l ising from the media I 
end of the upper surface of the fii’st rib and costal cartilage an<l 
inserted into the posterior and inferior aspect of the lateral half 
of the clavicle. A few fibres also gain attachment to the coi'aco- 
clavicular ligaments at their upper end. 

J/. Coraco-hrcichialis , — Rises from the tip of the coracoid 
process, 

(1) Pars brevis , — A rounded muscular band winding close 
to the neck of the humerus, to he inserted into the 
inner lip of the bicipital groove immediately above 
the insertion of latissimus dorsi. 

(2) Pars longa , — Inserted into the humeral shaft imme- 

diately below the insertion of latissimus dorsi an<l into 
the medial intermuscular septum, A further accession 
of muscular fibres occui-s at the lower end of the inter- 
muscular septum which run down superficial to tho 
median nerve to reach the metlial epicondyle. Tbe 
niusculo-cutaneous nerve passes entirely deep to the 
pars longus. 

It is to be noted that part or wdiole of this muscle is 
frequently absent among the Iiisectivora. 

M, Biceps , — 

(1) Long head. — Rises fi'om the supragleiioid tubercle, the 

tendon passing through the capsule of the shoulder- 
joint, but not lying free within tlie joint cavity. 

(2) Sliort head. — A slender but quite distinct muscle-band 

rising from the comcoid process. 

Insertion into the radial tubercle. No lacertus 
fibrosus present. 

The presence of a well-marked slrort he^ul is in con- 
trast to its quite common absence among the Insec- 
tivora. In the Sciuromorpha, Parsons (10) notes that 
the shoH head is only represented by the fibres rising 
from the front of the coraco-bmchialis. 

M* Brachialis antieus * — This muscle is divisible into medial 
and lateral components. The former rises from the anterior 
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surface of the humerus as far proximally ns the deltoid insertion, 
and partly from this insertion itself. Tlie latter tikes origin 
from the humeral shaft lateral to the deltoid, deep to the lateral 
head of the triceps as far up as the insertion of teres minor. 

Inserted into the coi'onoid process of the ulna. 

M, Triceps, — Ihis muscle consists of the following parts : — 

(1) Long head. — Rising from the infrnglenoid tubercle. 

{2) Medial head. — A thin strip of muscle rising from the 
humeral shaft as far up as the level of the insertion of 
teres major. 

(3) Lateral head. — A bulky mass, divided into two distinct 
parts : (a) superficial, which rises from the neck of the 
humerus deep to the insertion of teres minor and al>ove 
brachialis anticus ; (fe) deep, rising from the posterior 
surface of the humerus above the musculo-spiral groove, 
and corresponding to the lateral head of human 
anatomy. The greater part of the trice]>s is inserted 
into the proximal end of the olecranon piocess. The 
siif)erficial portion of the lateral head, however, is 
attached by an expansion to the lateral border of the 
olecranon. The double condition of the lateral head of 
triceps is of importance. The upper part only (rising 
from the neck jf the humerus) apjiears to bo repre- 
sented in the Lipotyphla (Dobson) and in the Sciuro- 
morpha (Parsons). Both parts are present, as 1 have 
been able to satisfy myself, in Lemur, 

M, Anconms , — ^This does not form a distinct muscle, but is 
represented by the distal fibres of the medial head of the triceps. 
It is inserted into the proximal end only of the la tend asj)ect of 
the oleemnon process. 

M, Ccndylo-olecranon , — A narrow thick band of muscle, rising 
from the lower end of the medial supracondylar ridge a ml 
inserted into the olecranon process. The lower bonier of the 
muscle is in contact with the upper fibres of fiexor carpi ulnaris. 

M, Brachioradialis , — This muscle rises from the proximal end 
of the lateral supracondylar ridge and from the fascia on the 
<1eep aspect of ext. carpi rad. long. It is inserted as usual into 
the lateral aspect of the lower end of tlm radius 1 mm. above the 
base of the styloid process. Carlsson states that this muscle is 
absent in Tupaia, It is well developed, however, in all the 
specimens of 2\ minor and T, femigima which I have dissected. 
I regard this as of considerable importance, for this muscle is 
commonly completely absent in the Insectivora. 

M, Eixt&nsor carpi radialis longue , — Rises from the lateral 
supnicondylar ridge for an extent of 4 mm. Inserted into the 
base of the second metacarpal bone. 

M, Eatsiensor carpi radiedis brevis. — Rises from the lateral epi- 
condyle and inserted into the base of the third metacarpal. This 
muscle has a well-developed belly. 

M, Extensor communis digitorum , — Rises from the lateral epi- 
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condyle and deep fascia. It possesses a comparatively short 
muscle-belly, which terminates in a variety of ways eventually to 
supply the ulnar four digits, forming an expansion on the dorsum 
of the digits to gain insertion into the middle and terminal 
phalanges. In one specimen (No. 6) one long tendon was formed, 
which split up into its four component parts at the level of the 
wrist-joint. In another specimen (No. 5) the muscular belly 
divided to form three long tendons, each of which at the wrist- 
joint divided again into two. The inner tendon then supplied 
digits 2 and 3, the middle digits 3 and 4, and the outer digits 4 
and 5. 


Text-figure 6. 



MuHcles of up])er arm (right). 

1, Deltoid. 11. Pect. major. 10. Triceps (outer head). 

2. T^ev. scap. 15. Triceps (inner head). 26. Biceps. 

4. Trapezius. 16. Brach. ant. 68. Ext. c. rad. long. 

6. Triceps (outer head). 17. Brochiorad. 

M. Eastensor digitorum lateralis . — Rises from the lateral epi- 
condyle in conjunction with the preceding muscle. It forms a 
long tendon, which at the level of the wrist-joint divides into two 
parts, running to digits 4 and 5 and fusing with the correspond- 
ing tendons of the extensor communis digitorum. 

M, Extensor carpi winarij,— Rises from the lateral* epicondyle 
and the olecranon process. No direct attachment to the posterior 
ulnar border. Inserted into the base of the fifth metacarpal. 

M. Abductor poUieis . — This is a double muscle, rising from the 
posterior surfaces of the upper three-quarters of the radius and 
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wlna and a cwesponding extent of the interosseous membrane. 
Ut>low it forms two tendons, both of which are inserted into the 
I’adial side of the base of the first metacarpal. 

Extensor profaiidus, — flises from the postero-lateral surface 
of the ulna medial to and above the upper end of abductor pollicis 
and deep to ext. carpi ulnaris. In one specimen it was found to 
divide to form two long tendons, of which the radial supplied the 
pollex, while the ulnar divided again on the back of the wrist to 
supply the 2nd, 3rd, and 4th digits. In another specimen one 
long tendon only was formed, dividing at the wrist to supply the 
radial three digits. The tendons pass superficial to those of the 
c^irpal extensors. The tendon to the pollex gains attfichment to 
tlie bases of the proximal and terminal phalanges. The tendons 
to the other digits blend with the corresponding tendons of the 
superficial extensor. 

Text- figure 7. 



Medial side of upper arm (left). 

18. Coraco-bracliialis. 14. Imt. dorsi. 20. DorHO-epitriH;li. 
(Otlier references as in text-fig. 6.) 


M, Supinator, — Kises from the lateral epicondyle, adjacent to 
part of the coronoid process of the ulna and the lateral »ispect of 
the capsule of the elbow-joint. Inserted into the anterior and 
lateral aspects of the upper end of the radial shaft. The posterior 
interosseous nerve passes entirely deep to the muscle, the latter 
!iot being divisible into two laminae. 

M, Pronator radii teres, — Oiigin from the medial epicondyle, 
extending to a slight extent on to the medial supracondylar ridge. 
Inserted by a broad thin expansion to the middle of the lateral 
aspect of the radial shaft. Wood-Jones asserts that the deep 
head is present in T, ferruginea, but I have not been able to find 
any trace of it in my specimens of this animal or in T, mmor^ 
Herein my observations agree with those of Kloster (6). 

M, Prdmaris longus, — Rises mostly from the deep fascia of tbe 
forearm, the origin extending proximally to the medial epicon- 
dyle. The muscle possesses a well-developed belly, which becomes 
tendinous in the distal third of the forearm. At the wrist it 
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broadens out to form the palmar fascia* The latter is not very 
well deaned, except laterally, where it gains a strong attachment 
to the lateral side of the base of the hrst metacarpal. 

M, F\sxor carpi radialis. — Hises from the medial epicondyle 
and deep fascia. Inserted into the base of the second metacarpal. 

M. Flexor carpi idnaria, — Rises from the medial epicondyle, 
medial margin of the olecranon process, and middle third of the 
posterior border of the ulna. Inserted into the pisiform bone. 

3f, Flexor auhlimie digitorum, — Rises from the medial epicon- 
dyle and deep fascia. No radial head present. Divides into 
three tendons, which supply the 2nd, 3rd, and 4th digits. At the 
wrist-joint it gives ofi‘ a thick tendon from its deep aspect to join 
the tendons of flexor profundus. 


Text-figure 8. 



Deep extensor muscles of forearm (right). 

22. Supinator. 28. Abd. irall. 

27. Kxt. profundus. 83. £.xt. c. rad. long. 

M, Flexor profundus digitorum, — This muscle can be divided 
into two parts : — 

(1) Superficial — rising from the medial epicondyle. 

(2) Dee|) — which rises from the ra<liuH, interosseous membrane, 

and ulna. This part may be divided in a general way into 
three parts : — 

(a) A radial head which rises from the anterior surface of 

the radius, extending from the bicipital tubercle down 
almost to pronator quadratus. 

(b) A central head which rises from the interosseous mem- 

brane and the contiguous borders of the radius and ulna, 
extending up medially to the insertion of brachial is 
anticus. 

(c) An ulnar head which rises from tho medial surface of 

the ulna, reaching to the base of the olecranon pi*ocess 
above. 
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Near the wrist the tendons of the deep flexor are joined by' 
a thick tendon from flexor sublimifi digitoruui. The tendons 
supply all the digits. The tendon to the pollex .appears to be 
derived mainly from the superflcial part and the radial head of 
the deep part of the muscle. The tendon derived from the flexor 
sublimis runs mainl}' to the ulnar digits. The superflcial part is 
supplied direct from the median nerve. The deep part is supplied 
on the rodial side by the volar interosseous and on the ulnar side 
by the ulnar nerve. 

J/. Palmaria brevis . — A well-developed bundle of muscle fibres 
runs transversely across the palm to the hypothenar eminence, 


Text-figure 9. 



Diagram illustrating alternative arrangements of the toudons of 
oxt. com. digit, and ext. digit, lat. 

and occupies the same position and relations as the human 
palmaris brevis. 

Oarlsson denies the presence of palmaris brevis in 7\ipaia, but 
describes a sindlar muscle designated “ Carpalballenmuskeln.’’ 

M. Pronator quadratus . — A feebly-developed muscle which 
runs between the opposed borders of the lower quarter of the 
radius and ulna. 

M. Flexor brevis manus . — A small muscle, rising largely from 
the anterior annular ligament of the wTist at its ulnar side, and 
supplying a perforated tendon bearing the same relation to the 
5ih digit as do the tendons of fiexor sublimis digitoium to the 
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otiicr digitis. The presence of this muscle mey be regarded as a 
primitive chariicter. 

M, Abdactor minimi diyiti , — This is a broad mnscle, rising from 
tlie voiitiuland dorsal aspects of the pisiform and inset'ted into the 
ulnar side of the base of the proximal phalanx. 

M. Flexor breme minimi di^iti — A well-developed muscle 
rising from the anterior annular ligament close to the pisiform. 
Inserted into the ulnar side of the base of the proximal phalanx. 

Af, Oppomns , — Not present. 

ilf. Abductor poUicis brevis ^ — Rises from the scaphoid, trape- 
zium, and lateral side of the pioximal lialf of the first metticarpn), 
as well as from the anterior annular ligament. This muscle can 
bo somewhat indefinitely divided into two parts, superficial ami 
deep. Both are inserted into the radial side of the base of the 
proximal phalanx of the pollex, while a few fibres of the deep part 
gain attachment to the radial margin of the distal end of the 
first metjjcaj'pal, and perhaps represent an opponens pollids. 

M. Fleror breins pollicia . — This muscle, which is well-developed, 
takes origin from the scaphoid, the anteiior annular ligament, 
and the palmar fascia. Inserted into both sides of the base of 
the proximal phalanx. 

Ji. Oppomns poUicis , — Not present, unless represented by 
some fibres of the al>ductor pollicis brevis as describeil above. 

The Anterior mmular ligament is a relatively feeble fascial 
band attached mainly to the scaphoid and pisiform bones. 

Af, Ltimhricales . — These are four in number. The first lises 
from the radial side of the profundus tendon supplying the index. 
The remainder rise from the contiguous margins of their corre- 
sponding tendons. The muscles are inserted mainly into the 
bases of the proximal phalanges. 

M, Addmior poWcis , — Rises from the carpal ligaments at tho 
base of the second and third metacarpals. Inserted into the 
ulnar side of the base of the proximal phalanx of the pollex. 

Af, Interossei , — These may be divided into three palmar and 
four dorsal muscles, though they all lie on tlie jialmar aspect of 
the metacarpus. The palmar intero.ssei rise from the ventral 
aspect of the carpus only, and are I'elatod at their insertion.s to 
the nvUal side of the 4th and 5th digits and the ulnar side of the 
2iid digit. 

The dorsal interossei rise from the sides of the metacarpals as 
in Man, and also to a large extent from the volar aspect of the 
carpus. The 2nd and 3rd dorsal interossei rise by a single nairow 
belly which lies on tlie palmar aspect of the 3rd metacarpal, 
splitting to pass to insertions on either side of the 3rd metacarpo- 
phalangeal joint. 

M, w>utem maximm . — This muscle is a thin lamina, of whicli 
the anterior margin is thick and rounded. Rises from a small 
part of the iliac crest, from the lumbo-dorsal fascia, and from the 
sacral spines. The anterior fibres are inserted into the fascia 
lata, and clearly represent the tensor fascia femoris muscle, being 
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supplied by the superior gluteal nerve. These are not clearly 
differentiated from the posterior iibres which gain attachment to 
the third trochanter. 

M, Femorocoocygeua , — This muscle is not separable from the 
preceding muscle. It rises from the Ist, ‘2nd, and 3rd caudal 
transverse processes, and, forming a thick muscular band, passes 
down to its insertion into the lower half of the lateral aspect of 
the femoral shaft, starting from immediately below the third 
trochanter, to the lateral surface of the latoiul condyle, and to the 
capsule of the knee-joint at the side of the patella and patellar 
ligament. 

M, GhUeiiS mediti8 » — Bises from the lateral surface of the 
ilium and inserted into the summit and lateral aspect of the 
great trochanter, extending down to the level of the uppei* border 
of adductor magnus and almost down to the level of the insertion 
of gluteus maximus. 

Text- figure 10. 



1. Glut. max. 16. Hicop«. 2.3. Fein.-coccy^. 33. TcmiiNhinms. 

2. Glut. med. 18. Semimem. 2o. Caudoleiu. 


ilT. Glutetis minivius . — Adherent to and not readily separable 
from the overlying fibres of gluteus medius. Bises from the 
ilium deep and posterior to the origin of the preceding 
muscle, and is attached to the anterior surface of the great 
trochanter. 

M. Piriformis . — Bises f j*om the posterior part of the sacro-iliac 
symphysis, the anterior fibres being fused with the posterior 
iibres of gluteus medius. Inserted into the tip of the great 
trochanter in front of gluteus medius. This muscle is absent in 
all the Lipotyphla (Leche) though present in Lemurs, 

M, Obturator hUemvs . — Bises from the whole circumference 
of the obturator foramen and the pelvic aspect of the obturator 
membrane. The tendon in the gluteal region is hidden by the 
gemellus muscle, with which it runs to the insertion at the 
posterior part of the great trochanter. 
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M. ©emeiW.— This w a single muscle, the lower fibres being 
espMially well-developed. It rises from the margins of the small 
sciatic notch, and is inserted with the obturator internus. 

M QuMraim /amorie.~A triangular muscle rising from 
the lateral surface of the pubic arch, and inserted into the 
posterior aspect of the femoral shaft from the base of the great 
trochanter in a horizontal line e.Ktending towards the lesser 


M. CwuhfenioralM . — Rises from the transverse processes of the 
.Jnd and 3rd caudal vertebne. The muscle divides into two 
parts, wparated by the femoral vessels and enclosing between 
them the lower end of adductor magnus. The outer part is 
inserted into the lateral supiiieondylar ridge behind the upper 


Text-figure IL 



Medial aspect of tbigli (right). 

6. Psoas minor. 10. Add, brev, 12. Gracilis. 21. Vastus iut. 

7. Pectineus. 11. Add. long. 13. Add. mag. 22. Jlio-psoas. 

(Other references as in text«fig. 10.) 

fibres of femorococcygeus. The inner part gains an attach inent 
to^ the medial epicondyle immediately medial to and above the 
origin of the inner head of gastrocnemius^ and deep to the 
anterior fibres of semimentbranosus. 

Leche notes that the muscle is absent in the Lipotyphla. It 
is, however, present in the Lemiiroidea and also in Tarsius 
(Appleton, i). 

M, —Rises from the aponeurosis covering the 

dorsal caudal muscles immediately behind glnteus medius. 
Crosses superficial to the gimt sciatic nerve and then deep to 
the biceps. Inserted into the fascia of the leg below and in 
continuity with the insertion of biceps, being overlapped slightly 
by the lower margin of the latter muscle. 

Pkoc. Zool. Soc.— 1924, No. XXXIl. 
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Tliis muscle is supplied by a branch from the common pemueal 
component of the sciatic nerve. 

J/. Btce ^. — Bises from the ischial tuberosity^ and is inserted 
by a broad fascial expansion into the upper half of the outer 
aspect of the leg as far forwards as the crest of the tibia and 
reaching up to the level of the lower border of the patella. It 
gains* indirect attachment only to the head of the fibula. The 
upper part of the muscle receives a twig from the tibial com- 
ponent, and the lower part a twig from the common peroneal 
component of the sciatic. 

M. Semitendino9U8,— This muscle has two heads of oiigin : — 

(1) From the 2nd and caudal vertebrie deep to caudo- 

femoralis. 

(2) From the ischial tuberosity. 

These two laminae fuse together fairly quickly below their 
origin to form a thick belly, which ends in a thin flattened 

Text-figure 12. 


fS - 


Inner »i<le of knee (left). 

17. SeuiitcndiiioMiP. 

(Other referenceb in IC and 11.) 

tendon that gains insertion to the crest of the tibia deep to 
gracilis. 

M. Semimembranosus , — Bises from the ischial tul>erosity and 
posteiior half of the lower border of the pubic arcli. Inserted 
into the medial aspect of the medial tibial condyle close to the 
articular surface and immediately posterior to the inteimal lateral 
ligament, medial surface of the medial femoral condyle, and lower 
end of the medial supmcondylar ridge. 

M, Sartorius , — Bises from the inguinal ligament from a point 
superficial to the femoral vessels as far medially as the pubic 
spine, where the innermost fibres gain attachment. Inserted 
into the antero-medial surface of the tibia immediately medial to 
the tibial crest. 

Leche notes that the sartorius is absent in all the Lipotyphla 
except Erinaceus, 
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M* GraeiUa. — EiseB from the whole length of the pubic aich. 
Inserted into the antero-medial surface of the tibia medial to the 
lower end of the tibial crest, the insertion being in continuity 
with that of sartorius. 

M* Fectineua, — Rises from tlie surface of the pubis immediately 
lateml to the pubic spine, and is inserted into the upper end of 
the posterior surface of the femoral shaft. Its nerve-supply is 
derived fx’om the ant. crural nerve. 

M, Addiictor longus, — Rises from the anterior third of the 
pubic arch immediately caudal to pectineus and anterior to the 
origin of adductor magnus. Inserted into the middle third of 
the shaft of the femur. This is a narrow muscle ending in a 
broad thin expansion at its insertion. 

M, Adductor hrevia, — A large thick muscle, rising from the 
pubis lateral to the symphysis and inserted into the shaft of the 
femur from the lower border of pectineus to the junction of the 
third and lower quarters of the femur. 

M. Adductor ruagnus. — Rises from the middle third of the 
pubic I’ainus. No origin from the tuber ischii. Inserted into 
the posterior aspect of the shaft of the femur from the posterior 
surface of the third trochanter down to the popliteal surface. I'he 
lower fibres are pierced by the femoral vessels. 

i/. RectuB feinoria. — Origin from the anterior inferior iliac 
spine and cephalic margin of the acetabulum. There is no clear 
distinction between the ‘‘ straight ” and “ reflected ” heads of 
human anatomy. Inserted into upper margin of patella. 

M. Obturator extern as. — Rises fi*om lower and posterior margin 
of obturator foramen and from the outer surface of the obturator 
membrane. Inserted into the fossa on the posterior aspect of the 
great trochanter. 

M, Vastus lateralis, — Rises from the anterior aspect of the 
great trochanter immediately below the insertion of gluteus 
minimus. No origin from the remainder of the femoral shaft. 
The muscle is accommodated in the groove which is present on 
the front of the third trochanter. Inserted into the lateral side 
of the common quadriceps tendon, and by a fascial expansion into 
the lateral margin of the patella. 

M, Vastus medicdis, — Rises from the anterior and medial 
aspects of the femoral shaft from a point 2 mm. below the level 
of the small trochanter up to the base of the great ti’ochanter 
immediately below the origin of vastus lateralis. Inserted into 
the medial side of the common quadriceps tendon and medial 
patellar margin. 

M, Vastus intermedius,— h small but distinct muscle, rising 
from the anterior, medial, and lateral jispects of the femoral shaft 
below, extending up the anterior surface as far as the level of 
the lower end of the small ti*ochanter. Inserted into the upper 
margin of the patella. According to Leche, an independent 
crureus is only found in Erinaceus among the Lipotyphla, while 
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a subcrureus is not found in any insectiv'ore. I agree that usually 
no differentiated subcrureus ctm be identified in Tapaiq,^ but I have 
found one exception to this in a specimen of T. mmot\ in which 
there was a very distinct subcrureus rising from the anterior 
aspect of the femur, almost as far proximally as the middle of the 
shaft. 

M. Tibialis atUicns. —Rises fioni tl»e upper half of the lateral 
surface of the tibia, from the upper third of tho antero-inedial 
aspect of tho fibula, Jiiid from the fascia covering extensor 
longus hallucis, as well as from the interosseous membrane. 
Inserted into the internal euweiform and the base of the first 
metatarsal. 

M. E.cten8or longus digitoruni. Rises by a muiided tendon 
from the lateral aspect of the external cond}de of the femur imme- 
diately ill front of the femoral attachment of tlie long external 
lateral ligament. On the dorsum of the foot the tendon divides 
into four to supply tho outer four digits, blending with llie eorro 
sponding tendons of the extensor brevis and peronei to gain 
attachment to the middle and distal phalanges. In the origin id 
this muscle TiLjiaia agrees with the Lipot.yphla and <liffers from 
the Tiemurs. This origin, however, is probably to be regarded as 
primitive (Ribbing). 

M, Extensor longus hcdlucis , — Origin from middle third of the 
fibula and interrosseous membrane and slightly from the adjacent 
part of the tibia. The muscle forms a veiy fine tendon, which is 
bound down to the tibialis anticus tendon at the latter*s insertion, 
and thence runs straight along the dorsum of the fi^'st metatai’Sfil 
hone to the terminal phalanx, sending also a few fibres of attach- 
ment to the base of the proximal phalanx. 

J/. Peroiieus longus , — Rises from the upper quarter of tin* 
lateral surface of the fibula. No origin from the femur or fioni 
the lateral ligaments of the knee-joint. Tlie tendon winds round 
the lateral aspect of the cuboid, and at tliis point it is slightly 
thickened, but shows no indication of a sesamoid body. It is 
inserted into the lateral surface of the internal cuneiform and 
the base of the first metatarsal. 

Peroneus hret^is . — Rises from the lower two-thirds of the 
fibula, below from the lateral surface and above curling round on 
to the posterior surface. Inserted into the base of the fifth 
metatarsal. 

M, Peroneus quinti et quarti digiti, — A perfectly distinct 
muscle, divided into two muscular bellies ending in very slender 
tendons. The upper part rises from the second quainter of the 
fibula behind the peroneus brevis and from interuiitscular septa. 
The lower part takes origin from tho middle third of the fibula. 
The upper part sends its tendon to the fiftJi digit, piercing and 
receiving a reinforcement from the tendon of peroneus brevis. 
The lower part runs to the 4th and 5th digits, mainly to the 
former. 

The differentiation of this muscle into two distinct paiis is 
paralleled by the condition found in Lemuroidea, 
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M, Kxtmaor brema digiiorum . — Rises from tiie upper surface 
of the os calcifi. It is divided into three muscular bellies and 
three main tendons. Of the latter, the innermost divides to 
supply the 1st and 2rid digits, and the othcjr two pass to the 
3rd and 4th digits. The tendon of the hallux blends with that 
of the extensor longus hallucis and gains insertion into the base 
of the terminal phalanx. 

Dolison(3) noted one specimen of Gymnura in which the 
hallux received a very slender tendon from ext. brevis 
digitoruin, but apart from this case, which he evidently regards 
as exceptional, in none of the Lipotyphla does the muscle 
contribute a tendon to the hallux. Herein the Tree-Shrew 
approximates to the Lemuroid condition and difters from the 
Insectivora. 

M. Popliteua . — Rises from the femur immediately below the 
origin of the ext. longus digitoruin. Inserted into the posterior 
aspect of the upper quarter of the tibial shaft. 

(Sulsson points out that in the comparatively small extent of 
its insertion this muscle resembles that- of J^einurs rather tlian 
that of Insectivora or Scinms. 

J/. Flexor longus diglionun , — Rises from the upper two thirds 
of the |)oste!*ior aspect of the tibia, the origin extending over the 
fascia covering popliteusand along the bone at the medial njai giu 
of the muscle to reach the head of the tibia above. 

M. Flexor longm halhteia . — A large muscle, rising from tlie 
latcml margin of the posterior surface of the tibia as far up as 
tlie popliteus, from the interosseous membrane, and from the whole 
lengtii of the fibula. Above, its origin extends on to the lateial 
surface of the fibula, the muscle passing down deep to soleus to 
reach tlie posterior surface. 

The tibial origin of this muscle is variable, in some cas(*s being 
confined to the lower third of the bone below the attacliinent of 
1 ibialis posticus. 

J/. Tibialis posticus . — A small muscle, rising from the inter- 
muscular septJi, gaining also a slight attachment to the posterior 
surface of the upper end of the fibula, medial to liexor longus 
ballucis. In some cases the origin extends on to the outer 
margin of the tibia between popliteus and flexor longus hallucis. 
Inserted into the navicular lioiie. 

jl/. Gaatrocnemim . — Rises by the usual two heads from tlie 
postenor aspect of the femur immediately above the articular 
condyles, the lateral attachment being blended with tJie origin of 
the plantnris. Osseous fabella) are present in the two heads. 
Both bellies are equal in size, and form a tendon somewlmt 
stouter than that of soleus. Inserted into the tuberosity of the 
calcaneum. 

M, Selena . — Rises from the postero-latei-al aspect of the fibula, 
middle third, bridging across the flexor longus ballucis (whose 
fibres rise alongside the ^roneus longus fiom the lateral aspect 
of the upper end of the fibula) to gain origin from the posterior 
surface of the head of the fibula. 
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M, Flcmiaris , — A well-developed mxisclo, fle«hy down to within 
4 mrn. of the insertion of tendo achillis. llises from the pos- 
terior aspect of the lateral condyle of the femur and partly from 
the fascia between it and gastrocnemius. The tendon passes 
round the calcaneal tuberosity to end in the plantar fascia. 

i¥. Flexor brevis digitoram . — This is a complex muscle with a 
variety of origins forming four tendons \x Inch supply the outer 
four digits. That part which supplies the 5th digit rises entirely 
from the deep aspect of the plantar fascia. Tlie components 
which supply tlie Sixi and 4th digits deri\e their origin from the 
medial part of the calcaneal tuberosity, from the surface of 
the deep flexor tendons, and, to n great extent, from the 
plantar fascia. The tendon to the 2nd digit is derived from a 
muscular belly, which insea almost entirely from tlie calcaneum 

Text-figure 13. 


JFlexor brcviH digit ornm. 

alone os a rule, though in one specimen of T. minor it also 
possessed a deep head, li.sing from the deep flexor tendons. 

In possessing two heads of origin, from the deep flexor tendons 
and the plantar fascia, the flexor brevis digitorum of Tupaia 
conforms to the arrangement found in the I.«emuroidea and diflers 
from the Lipotyphla and Sciurus. In the direct attachment of 
the muscle to the os calcis, Tupaia appears to l>e paralleled only 
by the Primates and certain Chiroptera (Anthony & Vallois). 

M. Abdudor hcdlmis , — Kises from the inferior sux*face of the 
navicular lateral to the tubercle. Inserted into the medial side 
of the base of the proximal phalanx of the hallux. This muscle 
appears to be absent in the Lipotyphla (Dol>gon), though it is 
always found in the Lemuroidea, 



Text-figure 14. 



Diagram illustiuthig the composition 
of FI. hie\. vligit. 
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M» Flexor hrevie hallude. — Origin fi-om the base of the first 
metatarsal. Inserted into both sides of the base of the proximal 
phalanx, but mainly to the medial side. 

J/. Abductor minimi digiti, — Bises from the tuberosity of the 
os.lcaneum, and is inserted into the lateral side of the base of 
the proxim4il phalanx of the little toe. 

M, Abductor ossia metatarsi minimi digitL — Bises from the 
lateml side of tlie calcaneal tuljerosity and lateral surface of 
the ciilcfineiim, and is inserted into the outer side of the base 
of the fifth metatarsal. 

M, Accessorius, — Bises mainly from the prominent tubercle 
situated at the anterior end of the infero>lateral nuirgin of 
the calcaneum immediately anterior to the posterior tubercles. 
Inserted into the lateral and posterior margins of the bony 
plaque in the deep flexor tendons. 


Text'figure 15. 



flexor tendons in sole of foot, with accessorius. 

M, Flexor bi*evis minimi digitL — Bises from the plantar surface 
of the shaft of the fifth metatarsal, and inserted into the base of 
the proximal phalanx. 

M, Chtitrahmtes, — These are three in number, and are related 
f o the hallux, index, and minimus digits. They all rise from the 
fibrous sheath covering the tendon of peroneus longus. 

Deep flexor tendons, — These unite in the sole to form a. common 
mass, in which is developed a bony plaque. The latter is oval in 
shape, and penetrates through the whole thickness of the 
tendons. It is thus difficult or impossible to determine from 
which iong flexor muscle each flexor tendon to the toes is 
derived. The tendon to the hallux appeal's to be mainly derived 
from the flexor tibialis. 

Lximhriocdss , — These ai'e four in number, and are disposed 
in the usual manner. 

M* Fhx^ breves pro/undL — Including the short flexors of the 
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Lst and 5t1i digits (already described), each toe possesses two 
flexors. 

M. Sterno-deido-maBtoidem . — This muscle can be divided into 
three parts : — 

(1) Hterno-iaastoid. . 

(2) Cleido-mastoid. 

(3) Cleido-occipital. 

There is no sterno-occipital component. Tl»e cleido-occipital, 
which lies superficial to the cleido-mastoid, rises from the 
occipital crest medial wards to a point midway between the mns~ 
toid and occipital protuberance. Inserted into the anter ior and 
cephalic aspects of the inner end of the clavicle. 

Tlie spinal accessory nerve posses between the cleido-mastoid 
and cleido-occipital components, and deep to the sterno -mastoid 
portion. 

M, Ste^mo-hyoideus . — A relatively broad band of muscle in 
close contact with its fellow of the opposite side in its w'hole 
extent. Rises from the posterior surface of the manubrium 
sterni (no clavicular attachment), and is inserted into the lower 
border of the body of the hyoid l)one. 

M, Stemo-thyroideus . — Lies deep to the ])receding muscle and 
is narrower*, meeting its feilow of the opposite side in the mid- 
line below at the cephalic end of the sternum. Rises fi*om the 
back of the manubrium sterni and the cartilage of tlie first rib. 
Inserted into the lower margin of the lateral surface of the ala 
of the thyroid cartilage, reaching to within 2 mm. of the 
mid-line. 

M. Omohyoid . — A flat muscle of uniform width, with an oblique 
and faintly-marked tendinous intersection in the middle of its 
course. Attached above to the lower border of the hyoid bone 
lateral to the sterno-hyoid, and below to tlu* upper* border of the 
scapula, close to the base of the coracoid process. 

The presence of a distinct intersection in this muscle is of 
importance. Parsons states that it is only found in Primates 
and Chiroptera, while one may infer from Dotrson that it is 
absent in the lipotyphlous insectivores. It has been found in 
all the specimens of T, 7)iwor and 7\ ferruginea examined. 

M, Mylohyoidetca , — Rises from the mylohyoid ridge of the 
mandible, and is inserted into a median raphe, which extends 
from the body of the hyoid bone to a point 2 mm. l>ehind the 
symphysis mentis The anterior 4 mm. of the muscle is fairly 
definitely separated from the posterior fibres by the entrance of 
the mylohyoid nerve into the muscle. 

M. Digastriem . — The two bellies of this muscle are separated 
by a well-marked tendon, which unites with that of the opposite 
side to form an arch lying immediately anterior to the hyoid bone* 
The posterior belly rises from a depression at the posterolateral 
margin of the bulla. The anterior belly rises from the anteridir 
margin of the tendinous arch, and is inserted into the lower 
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margin of the mandible extending from the anterior margin ^ 
the masseter as far forwards as a point 4 mm. from the symphysis 
menti. 

Jf. Gmiohyoideua . — A narrow strip of muscle* rising from the 
body of the hyoid bone close to the mid-line and ending 


'i’oxt- figure 10. 



A 


1. Deltoid. 

6. Dig*«tric. 
7* Mjrlohyoid. 


Muscles of .subiiu'iitiil re^Ioii, 

a Ociiioh.void. n. Pect. major, 

a. (leiiirthyoR'los'Jiis, 12. l>orso*iuni», 

lu. IlyoglosstiH, Jl®* Abd. butn. 


anteriorly in a narrow flat tendon, which is inserted into the 
lower border of the mandible at the side of the symphysis 

Qmi 0 kyof^ouu».~TX\ 6 W from the upper margin of the body 
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of the hyoid bone. It forms a deep muscle, of which the upper 
fibres are inserted into the mucous membrane of the tongue, while 
the lower gain attachment to the inferior margin of the mandible 
extending from the symphysis backwards for 3 or 4 mm. 

JIT. Hyoglo88U8. — Kises from the great cornu and body of the 
hyoid superficial to geniohyoglossus, its origin extending to the 
mid-line. The fibres run upwards and forwards to the side 
of the tongue. 

M, ThyrohyoideuB, — Bises from the ala of the thyroid cartilage 
close to its lower border, and is inserted into the great cornu of 
the hyoid bone. 

M. Stylohyoideus. — Rises from the whole length of the anterior 
aspect of the stylo-hyal. The muscle runs alongside the 
mandibular ramus deep to the mandibular attachment of 
geniohyoglossus. 

3f. Temporalis, — This muscle may be divided into three 
parts : — 

(a) Superficial head — which rises from the anterior half of 
the temporal crest and the aponeurosis covering the 
deep part of the muscle. The fibres run mainly down- 
wards and forwards, passing superficial to the zygomatic 
head to gain insertion to the anterior margin of the 
coronoid process. 

(b) Deep head — rising from the posterior half of the temporal 

ridge and from the whole extent of the temporal fossa. 
Inserted into the anterior and posterior margins of the 
tip of the coronoid process. 

The lowermost fibres are blended indistinctly with 
those of the external pterygoid, and gain insertion to 
the upper part of the deep surface of the coronoid process 
and ascending ramus. This head is covered by a well- 
marked glistening aponeurosis, which gives origin to 
fibres of both the superficial and deep head. 

(c) Zygomatic head — rising from the upper border of the 

zygomatic arch and partly from the deep surface. The 
fibres arch forwards to gain attachment to the outer 
surface of the coronoid process. 

The remarkable resemblance of this muscle to the temporalis of 
Tarstm is noteworthy. 

M, Ma88ei8r,— This muscle can without much difficulty be 
divided into superficial and deep layers, especially in young 
specimens. In the latter the superficial fibres rise from the 
anterior half of the lower border of the zygomatic arch, while the 
deep fibres rise from the posterior half of the lower border and 
the whole of the deep surface. In adult animals the distinction 
between superficial and deep layers at their origin is not so clear. 
The superficial fibres gain attachment to the angle of the jaw, 
extending along the lower border of the mandible to blend 
anteriorly with the internal pterygoid. The deep fibres run more 
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vertically downwards to gain insertion into the greater part of 
the lateral surface of the ascending ramus. 

M, PterygoideuB extemiuB * — A feebly ^developed muscle which 
rises from the lateml aspect of the lateral pterygoid plate and 
inferior aspect of the tympanic bulla. 

M» Pievygoidem inter mis , — A well -developed muscle, rising 
from the ecfcopterygoid fossa and gaining insertion to the medial 
aspect of the angle of the inaudible. This muscle is not well 
differentiated from the preceding muscle. 

M, Quadratns hiynhorum , — A somewhat slender muscle, rising 
from the medial end of the lower border of the last rib and the 
transverse processes of all the lumbar vertebrae. Inserted into 
the crest of the ilium, extending laterally to within 2 mm. of the 
anterior superior spine. 


Text-figure 17. 




TtMuporal muscle fuul attachments to ascending ramtis of mandible (left). 

1. Temp. mu‘»clo. Deep lunn.!. t. Miiiiseter. D<H‘p Iiend. 

2. „ ., Snpei'f. head. 6. ., Su|»<*rf heatl. 

3. „ „ Zygomat. head. 

M. Diaphragm,— Thin muscle is roughly ciicular, with a trans- 
verse diameter of about 18 mm. and a sagitta.1 diameter of a little 
over 20 mm. It is attadied to the costal cartilages of the lower 
ribs, the xiphisternum, and the bodies of tlie upper four lumbar 
vertebras. The crus of the diaphragm is formed by the union of 
the two margins of the elongated tesophageal opening, forming a 
tendon with a sharp anterior border which is attached to the 
bodies of the lumbar v'ertebne slightly to the right of the mid- 
line. The aorta pierces the muscular part of the diaphragm on 
the left side of the crus, the muscle fibres on the lateral side of 
the aorta passing behind the vessel to be inserted into the crus. 

The central tendon can be divided into three lobes, of which 
the central is large and rounded, while the lateral are narrow end 
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tapering. Tiie caval opening lies at the anterior margin of the 
junction of tlie right and central lobes. 11m dimensions of 
the tendinous lobes are as follows : — 


Sagittal. 'JVansversf. 

Anterior 7*5 mm. 5*5 mm. 

Kight 7*5 „ 2-5 

Left 8 „ 1*5 „ 


The dome of the diaphragm extends up to tlie level of the 8th 
or 9th thoracic^ vertebra. 

M, Psoas major , — Rises from the bodies of the 4th to 
7t)i lumbar vertehne inclusively. Inserted into the small 
troclnuiter. 

J7. Psoas minor , — Origin fi*om first iln ee lumbar \ertebne and 
tlie upper border of the fourth. Jiisefted into the ilio-jjectineal 
line. 

Te\t-lj£;ure IS. 



M, Jliacus , — This muscle may he described as consisting of two 
parts— a medial and lateral. The medial portimi rises from the 
upper five lumbar vertebra*, its tendon of imsertion remains 
separable from the adjoining muscles, and is attached to the femur 
immediately below the small trochanter. The lateral portion 
rises from the whole of the iliac fossa, and blends with the psoas 
major to gain insertion into the small trochanter, 

Ijeche has drawn attention to the resemblance between the 
iltacus muscles of Tupaia and Galago, I have confirmed this by a 
dissection of Galago, and I may add tliat the muscle is disposed 
in the same manner in Tarsius, 

M, Erectm* This muscle mass may be conveniently 

divided into three columns: — 

1. The outer column rises from the crest and the posterior v 
part of the mesial surface of the iliiim^ from the posterior aspect 
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of the sacro*iliac 8yniphy«is and adjacent part of the sacrum, and 
from the lumbar fascia. It is partly inserted into the transverse 
processes of the lumbar vertebne, and above it divides into two 
subsidiary columns. Of these the lateral is a slender column, 
fining attachment to the angles of the lower ribs, more fibres 
rising mesial to the insertions to run to the upper ribs and the 
transverse processes of the last two or three cervical vertebra?. 
The mesial, a more bulky mass, is inserted laterally into the 
lower ribs and medially into the transverse processes of the 
thoracic vertebra). More fasciculi rise from the transverse pro- 
cesses of the lower thoi’acic vertebra? by a tendinous origin, and 
run to the upper ribs and the tninsvei*se processes of the 2nd to 
5th cervical vertebne inclusively. A few of these upper fibres 
run medially to be inserted into the first two or three dorsal 
vertebrsp and the last one or two cervical veHebra), becoming 
continuous thus with semispinalis colli. 

2. miiidle column rises from the transverse processes of 
all the hiiiibar and sacral vertebne, and runs downwards to form 
seven or eight long fine tendons, which pass down the dorsum of 


Text-figure 19. 



Muscle Httachineuts to scapula (loft). 

1. y. scap. 4-. Trapezius. 5, TrjcepR (lunf? head). 

(Other referonties as in text-fig. 3.) 

the tail, being joined below by further fasciculi that rise fioni the 
caudal vertebne. 

3. The inner column forms a large fleshy nmltifidus spina?, 
running between the transverse and spinous processes of the 
lumbar and lower thoracic vertebrae. ISt'mispiiialis dorsi is a well- 
defined muscle lying superficial to the up{)er end of the middle 
column, rising from the lower dorsal ti a ns verse processes and 
being inserted into the upper domil spines. 

M. Setnispinalu colli — The upper fibres of this muscle run to 
the transverse pix)cess of the atlas, and do not converge on to the 
spinous process of the axis. A small bundle of fibres rises in the 
same plane from the sides of the upper two or three dorsal spines 
to run to the transverse process of the atlas. A few fibres also, 
rising from the upper two dorsal spines and the lower cervical 
vertebwe, pass to the upper cervical spines, ending at the spinous 
process of the axis above. 
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Reetus capitis posticus major , — Bises from the spine of 
the axis, and is inserted into the occipital lx>ne beneath 
complexus. 

M, Obliquus superior , — Bises from the ti-ansverse process of the 
atlas. Inserted into the occipital hone deep to complexus, and 
overlapping the insertion of the preceding muscle. 

M. Obliquus inferior , — Buns from the spinous process of the 
axis to the transverse process of the atlns. 

M, Rectm capitis posticus minor , — Origin from the postenor 
tubercle of the atlas; insertion into the posterior margin of the 
foramen magnum. All these suboccipital muscles are well- 
developed. 

M, Splenius capitis , — Bises from the median nuchal raphe and 
the first dorsal spine. The muscle extends to the mid-line up to 
its insertion into the skull from the occipital protubemnce to the 
mastoid. 

Text-figure 20. 



Muscle attacinoeuth to huniprus (rip^bt). 

6. Terea major. 12. Dorso Iium. 18. Ext. <• rad. lou^, 

(Other references as in 0 and 7.) 

M, Splenim cMi , — No representative of this muscle is present. 

M, iSevilspinalis capitis. — Bises from the lower four cervical 
and the upper seven dorsal vertebrte. Inserted into the occipital 
bone below the occipital crest. The outer part of the muscle has 
a very fine transverse intramuscular septum. 

M. Serratus posticus . — This is a continuous sheet of muscle 
attached to all except the first two ribs. 

The SeiTatus posticus superior rises deep to rhomboideus 
from the nuchal raphe and the first three dorsal spines. The 
fibres run downwards and outwards to the 3rd to 10th ribs 
inclusively. 

The Serratus posticus inferior rises from the last seven dorsal 
spines and is att^hed to the lower five ribs, the fibres running 
outwards and a little upwards. At the 9th and 10th ribs the 
superior and inferior sheets overlap, the fibres of the former 
passing deep to those of the latter. 

M. Longissimua Rises fttim the transverse processes 
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of the 2ad to 5th cervical vertebrie, and is inserted into the 
mastoid process. 

Jf. Beetm oapUia mUicus iiiajor, — Rises from the transverse 
processes of the 5th, 6tlj, and 7th cervical vortebree. Inserted 
into the basi-occipital bone. 

Mr Jieeitts capitis anticxis minor. — Origin from the transverse 
process of the atlas. InseHion into the basi- occipital bone 
posterior to the preceding muscle. 

M, Long as coUi, — TJie upper oblique part of this muscle consists 
of two parts; (a) rising from transverse processes of C 3, 4, and 5, 
and inserted into the front of the atlas close to the mid-line ; and 
(6) rising from transverse processes of C 5 and 6, and inserted 
into the front of the axis. The lower oblique portion rises from 
the bodies of the first five dorsal vertebrae, and is inserted into 
the transverse processes of the last two cervical vertebrae, 


Text-figure 21. 



Mttfcle Attftclmients to nidiut and ulua (right), 
so. OotidylO'Olecran. 21. FI. carp. ulii. 24. FI. profundus. 2d. Pron. quad. 

(Othar roferanoes at in text-iiga. 0, 7, and 8.) 

The vertic.al part of loiigus colli runs between the first three 
doi*sal vertebrte below and the last five cervical vertebne above. 

Jf. Scalenm anticus. — Ri. 9 es from the transverse processes of 
all the cervical vertebra?, with the exception of the last. The 
muscle runs down to the first rib, passing between the subclavian 
vein and artery. 

Jf. Sealenm mediiis, — Rises from the tmnsvei’se processes of 
the 4th and 5th cervical vertebr®, and is inserted into the finst 
rib behind the subclavian artery. 

M, iSlealenus posticus, — Rises from the tiunsverse processes of 
all but the last cervical vertebras, and is inserted into the 2nd 
to 6th ribs, the medial margin of the muscle lying in contiguity 
with the lateral maigin of the rectus abdominis. 

M. 8m*<Uus awtieus , — Rises from the transverse processes of 
all the cervical vertebne and from the upper nine ribs. Inserted 
into tiie lower half of the vertebral bonier of the scapula, the 
l(»wer five digitations being concentrated on the inferior angle. 
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if. Heeius abdominis — A oontinuous band of muscle, rising from 
the length of the pubic crest by a simple linear origin and ex* 
tending laterally i^ightly behina the pubic spine. Inserted into 
the whole length of the front of the first rib and to the sternal 
ends of the 2ud, 3rd, and 4th costal cartilages. No tendinous 
intersections can be detected in the muscle. In T. forrugima^ 
however, the intersections are welhmarked and five in number. 
The most posterior intersection traverses the muscle at the 
middle of its abdominal course, and the most anterior at a 
distance of 12 mm. above the xiphisternal junction. The 
remaining three are disposed at more or less regular intervals 
between these two. 

Leche did not find these intersections in T, ferrugineOf ami 
Kaudern also states that they are absent in javanica. 


Text-figure 22. 



3. Glut. min. 8. Ext. oM. 14. l8cliiocoi*.cygeu8. 

4. licet, fcni. 9. Add. long. 16. Oemclhts. 

6. SaitoriuK. 11. Obt. ext. 19. QuimI. fetu. 

(Other references as in text-figs. 10, 11, and 12.) 

M, Pyramidalis well-developed. Rises from the whole length 
of the pubic cie&t, and is inserted into the linea alba iipwat*ds for 
about 13 mm. 

M, TrianrjulariB ateruL- — Rises from the margin of the xiphi* 
sternum and the l)ody of the sternum, and is inserted into Uio 
2nd and 7th costal cartilages. This muscle continues uninter- 
ruptedly the series of costal attachments of the transversalis 
muscle. 

M, Ohliqum extermm. — Rises by a series of digitations from 
the lower nine ribs and from the lunibo-dorsal fascia. The muscle 
is inserted into the cephalic extremity of the ilium, to the inguinal 
ligament, to the anterior end of the symphysis pubis, the anterior 
margin the pubis as far laterally as the pubic spine, and into 
the linea alba. At the latter insertion the muscle remains fleshy 
almoi^ to the mid-line. In the male the lower insertion of the 
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muscle is divided into two distinct bands, between which pass out 
the spermatic cord and the cremaster muscle. 

In T^ferrvi^ma (as first fainted out by Leche) this muscle on 
its lateral aspect shows a series of four or five well-marked ten- 
dinous inscriptions which run medially and caudal xiards, cutting 
obliquely across the more caudally-directed fibres of the muscle. 
These tendinous inscriptionK cannot be detected in T» minor, 

M, OMiquuM intemus , — Rines from the lumbo-dorsal fascia and 
the whole length of the inguinal ligament, reaching on to the tip 
of the ilium. Inserted into the sheath of the rectus at the outer 
border of this muscle, and into the lower three costal cartilages. 
The anterior part of this muscle is considerably thinned out, the 
fibres diverging to expose the underlying transversalis muscle. 
The insertion of the internal oblique contributes to the formation 
of the posterior layer of the rectus sheath in the anterior half of 


Text-figure 23. 



Mu«cle attachments to femur (left). 

8. Glut. miu. IS. Gemellus. 81. Vast. int. 26. Gastroc. 

9. Add. loug. 19. Quad. fern. 88. Cnireus and ilio- 2T. Kxt. 1. digit. 

11* Obt. eat. 20. Vast. eat. psoas. 28. Popliteus. 

(Other references as in teat-figs. 10 and 11.) 

the extent of the latter muscle, and to the anterior layer in the 
posterior half. In the male the most caudal fibres contributed 
to the formation of the cremaster muscle. 

Kaudem (ft) points out that in no other insectivore does the 
internal oblique possess this method of insertion into the rectus 
sheath, and that, with the exception of the Talpinse, the muscle 
in the Inseotivora passes ventral to the rectus. In this^ con- 
nection Tupaia is associated with the Lemurs. 

Jf. Trm990r§alis ^ — Rises from the lower six costal cartilages, 
the lumbo-dorsal fascia, and the whole length of the inguinal 
ligament. The anterior part of the muscle is well-develope^l, 
forming a relatively thick layer, which passes to the side of the 
xiphisternum in front of the caudal extremity of the origin of 
Paoc. ZooL. Soc.-~1924, No. XXXIII- 33 
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pectoralis major and behind the anterior half of the rectus to the 
linea alba. The posterior part of the muscle is thinner, and not 
easily separable from the overlying internal oblique. With the 
latter muscle the transversalis ends in a fascial expansion, which 
contributes to the formation of the anterior layer of the rectus 
sheath over the posterior half of the extent of the rectus muscle. 
Tlie most caudal fibres of the muscle appear to assist in the foi^ 
mation of the cremaster muscle in the mule. 

M. lliococcygeus * — Rises from the ilio-pectineal line cephalad to 
the obturator foramen by a short iiesby origin. Insert^ed into 
the mid-ventral line of the base of the tail over the 2ud and 3rd 
caudal veHebrse. 

jtf. Piibococcygeua . — This muscle has a more extensive origin 
than the preceding muscle, from which it is separated by the 
obturator nerve. It rises from the whole length of the deep sur- 
face of the cephalic ramus of the pubis ns well as from the donsal 
as|>ect of the pubic symphysis. Inserted into the liypc)poj)hyse8 
between the 2nd and 3rd caudal vertebra^, its libres overlapping 
medially those of the iliococcygeus. 


Text-figure 24. 



Muscle attachments to tibia (left). 

6. Sartoriufi, 29. FI. 1. dig;it. SI. Kxt. 1. hall. 

2b. Popliteus. SO. Tib. post. 32. Tib. ant. 

(Other references as in text-figs. 10, 11, and 12.) 

J/. Ischioccocygeus . — Rises from the dorsal margin of the 
ischium anterior to the ischial spine. Inserted into the trans- 
verse processes of the last sacral and the first three caudal 
vertebras. 

M. Saeroe<Hseyge%M,—K well-develoj)ed fleshy muscle, which takes 
origin from the lateral surface of the last two lumbar vertebne, 
all the sacral, and the first two or three caudal vertebrae. The 
muscle is divisible into two distinct parts — a medial and lateral. 
Its forms posteriorly long slender tendons, which run along the 
ventral as^ct of the tail to be attached to the hypopopfajses and 
the lateral surfaces of the caudal vei-tebrse. 
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Disoussiov. 

In the preceding deecription of the musculature of Tupaia^ 
attention has been drawn to the various points in which the 
animal approaches or departs from Insectivora or Lemuroidea, 
If these are analysed in the following way, conclusions can be 
more readily di*awn regavdiitg the affinities of the Ti*ee-Shrew» 

A. The following conditions are found in Tupaia^ and constitute 

the normal arrangement in Prosimice, while they aie corn- 
pletely absent in the lipotyphlous Insectivora; — 

1. M. Piriformis present. 

2. M. Oaudofomoralis present. 

3. M. Brachioradialis present. 

4. Double lateral head of triceps. 

5. M. Obliquus intern us passes, at its insei'tion anteriorly, 

dorsal to the rectus abdominis, whilst posteriorly it passes 
* ventral to the muscle. 

6. Comparative differentiation of the elements of Quadriceps 

extensor at their insertion. 

7. Insertion of Popliteus not extending down further than 

the upper quarter of the tibial shaft. 

8. Origin of Flexor brevis digitorum pedis. 

9. Tendon to hallux derived from Extensor brevis digitorum. 

10. Tendinous intersection in omohyoid. 

11. Differentiation of M. Pei*on. quarti digit!. 

12. Occ(isional distinct subcrureus. 

13. Differentiation of the elements of ilio-psoas at their in- 

sertion. 

14. Abductor hallucis present. 

In addition to the above points Tupaia agrees with represen- 
tatives of the Prosimiie and departs from the Insectivom as 
follows : — 

1, In the form of its temporal muscle, Tttpaia agrees precisely 

with 7\trsivs. 

2. The form and disposition of M. Iliacus in Tupaia is iden« 

tical with that found in Galago. 

B, The following conditions are frequently absent among the 

Lipotyphla, though found in Tupaia and the Lemuroidea : — 

1. Teres minor present. 

2. Sartorius present. 

3. Crureus differentiated. 

4. Coracobrachklis fully developed. 

5. Differentiation of Scalene muscles, with pi’esence of Scalenus 

anticus. 

6. Coracoid head of biceps present. 

7. Diffemitiation of Flexor brevis pollicis and Flexor brevis 

minimi digit!. 


33 ^ 
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In no single lipotyphlous insectirore is this group of muscles 
present ns a whole, and yet it is found in its entindiy in most 
members of the Lemuroidea. 

G. In the following points Tupaia Agrees with Lipotyphla and 
departs from the lem urine structure: — 

1. Origin of Ext. longus digitorum from the femur* 

2. Tenuissimus present. 

3. Pyramidalis present. 

4. Accessorius present. 

5* Undifferentiated opponens muscles of the pollez and 
minimus digits. 

A brief survey of this list shows them to be essentially primi- 
tive characteristics, and they therefore do not bear the usual 
signittcance in the matter of taxonomic value. The pyramidalis 
and accessorius muscles are found in the higher ptimates, while 
the tenuissimus is represented among these forms by the short 
head of biceps* 

D. The following conditions appear to be peculiar to Tupaia : — 

1. M. SpinO’humeralis. 

2. Double dorso-epitrochlearis. 

Of these, the former is a differentiation of the cephalic fibres of 
latissimus dorsi, and is readily understood when it is noted that 
in many mammals there is a partial fusion of the latissimus dorsi 
with the teres major. The latter is a further elaboration of the 
common dorso-epitrochlearis muscle, for which it is difficult to 
find any adequate reason. 

It is fully realized that the affinities of no animal (whose 
position is in any way obscure) can be estimated from a study of 
one anatomical system alone, and for this reason no certain 
conclusion can be drawn from the foregoing data. It is clear, 
however, that Tupaia^ in its musculature, shows very remarkable 
resemblances to the T^osimise and coiTesponding differences from 
the lipotyphlous Insectivora, and were a systematist compelled in 
this case to rely entirely on comparative myology, there is little 
doubt that Tupaia would be approximate to the former and 
separated from the latter order. 
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20. On some points in the Structure of the Pareiasaurian 
Skull*. By R. Brook, M.D., F.R.S., (;.M.Z.S. 

[H«o«itred April 1, 1924$ Read Hay Sth, 1924.] 

(Text-figures 1-6.) 

Though Pareiasmirus was discovered by Andrew Bain in 1838, 
it was first descriijed by Owen only in 1876, Since then many 
skulls and skeletons have been found ; and Seeley has given full 
descriptions of the skeletons in the British Museum. In 1903 
I describe<l a good skeleton iu the South African Museum, Cape- 
town ; and in more recent years further light has been thrown 
on the structure by Watson, Haughton, and myself. 

All this work h.is resulted in the [K>Htcranial skeleton twing 
nearly fully known, and in the skull Iming fairly well known. 
There ai'e, however, a good many points on which our knowledge 
is imperfect or lacking. Fossil reptiles got in the shales of the 
KmlMhiodim or Cistecephalm zones can l>e cleaned of matrix 
almost as perfectly as the skull of a recent animal, but most of 
the Pareiasaurnft specimens come from the lower beds, where the 
matrix, unless weathered, is almost flinty hard, and the preparation 
of a Pareiamunti skull is a matter usually of extreme difliculty. 
Further, the peculiar sculpturing of the cranial bones makes it 
in most cases almost itt]]:>ossible to trace the sutures. Occasionally 
specimens are discx^veved which are weathered in such a way that 
details of structure can be made out that ai'e in most cases 
obscured. 


Exterfial Cranial Bones. 

Beeley in 1888 and 1892 first attempted to distinguish the 
cranial elements, but he was only partly successful. In the three 
skulls which 1 have described I found it impossible to tmce the 
sutures on the outer surface. Wheie the roofing hones can l>o 
lemoved and their inner luspects examined, the sutures can l)e 
seen satisfactorily, and Watson in 1914 was able by this means 
to give a very good account of the various elements. 

Mr. W. van der Byl, of Abraham’s Kraal, has in his possession 
the skull of a young J^reimaurus only a little more than half 
the adult size, and with the surface beautifully weathered. In 
this specimen almost all the sutures can be clearly seen. From 

♦ [OwinR te an overtigbt, tli« total amonnt of irdnctioii of tlio 
trating I>r. Rroom’i communication “On tha Structure of the Skull in the 
Caniivorout Binocephalian Heptilee,** puhlished in Pert IV. of the Societj-'^e 
Proceed ini^ for 1923, wa» omitm. The correct figures ehould read a« follows 
Figi. 1, 2. A 6, e, 8, and 10, each about A VitkU aiae ; Figa. 3 and 12, each about 4 
nat, iiae; Fig. 7, about ^ nat. »iae$ F^, 9 end 10, each about I uat. size.— 
EoiToa.J 
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the figure I give it will be seen that except in two points there is 
a close agreement with the sutures as revealed by Watson. 

The nasals, frontals, and parietals form a series of three pairs 
of siibequal bones, the parietals being only a little larger than the 
others. Above and behind the orbit lie three subequal bones — 
the prefrontal, the postfrontal, and the postorbital. Watson 
shows the postfrontal as a small bone wedged in between the 
other two. In my specimen the postfrontal is as large as the 
prefrontal. W'atson’s specimen is certainly a difiTerent species, 
and this may account for the difiference, or, it may be, that when 
viewed on the inner aspect it appears smaller. 


Text-figure 1. 



Upper view of elrull of voang PareiagaurvM up. Abont nat nit*. The skull is 
somewhat crushed from above downwards, and slightly dist<»rted. Only those 
sutures are drawn which are clearly seen in the actual speoimeu. 


Behind the parietals is a median unpaired interparietal. Watson 
believes there are two interparietals. In the specimen I have 
examined there is certainly only a single median bone. Outside 
the interparietal and behind the parietals are a pair of tabulars 
considerably larger relatively than in Watson’s specimen. And 
outside of each tabular is a large squamosal. Below each 
squamosal is a large quadrato-jugal, not shown in the figure 1 give, 
as, owing to flattening of the skull by crushing, the quadmio** 
jugab pass down vertically and are not seen when the skull is 
viewed from above. In text-fig. 2 the quadrato*jngal is seen, as 
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viewed from the inside^ with the jugal and squAmcsal above 
it. The posterior end of the maxilla appears to meet the quadrato- 
jugal, as Watson shows. Unfortunately in the specimen figured 
m text-*fig. 2 the maxilla is imperfect. 

The laorymal passes from the nostril to the orbit. 

The determination of the species of any specimen of Pareia- 
rnuruB is at present a very hopeless business, and it is probable 
that the difficulty will long remain. 

The type-specimen of PareimauruB serridsns consisted of a 
fairly go^ skull, much crushed, and a large series of other bones. 
Owen apparently examined the original skull and had a plaster 
oast made of it. Unfortunately this type-skull is lost, and we 
have only the cast and a portion of the mandible left. Recently, 
however, Watson discovered in the British Museum quite a 


Text-figure 2. 



Qtiftdmte and qnadrato-jnffiil and their related bonee viewed from the iiMide, of 
PorifMreaarife {Brad^»<nuru$) hombidm 9 Owen. About | nut. aixe. 


number of posticranial skeletal elements which pretty certainly 
l»eloiig to the original type-animal. If these bones are conrectly 
identified as l)eloiigiug to the ^^Blinkwater monster,” which became 
the type of Paa^BiuBawmB BerridenSy tlien all the other known 
specimens which have been referred to PareiasauruB {PofeictBawtts 
(atfu Seeley, PareioBanruB bombidetiB Owen, etc.) must belong to 
another genus or genera; for the bones unearthed by Watson 
show the pieseiice of large numl>ers of bony scutes on the sides 
as well as the back — a character never met with in the Lower 
Beaufort Pareiasaurs. The olsssical specimen descrilied by 
Beeley ns PareioBawmB h^binu Watson would call BradyBaurus 
hainiy and Owen’s PareuMBmiruB lombidenB would also apparently 
become £reulyBi»uruB hombiiBm. There is little doubt Watim 
is right in this matter of nomenclature, but how far the scientific 
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and general public will be inclined to reserve the name Parma- 
saurvs for a very imperfectly-known type, and to call the famous 
specimen which for years has been figured in text-books as 
PareiasaurtLs by tlie new name Bradyaaurue remains to be seen. 
In the meantime it will be a matter of convenience to consider 
the condition of the dermal scutes as merely a subgeneric 
character, and to call the Lower Beaufort forms PareiaaauruB 
{Bradysaurm) hombidens and Pareiasaurm (Bradymums) baini. 

Only a few of the Lower Beaufort types are well preserved, 
and it will probably be years before we can have a satisfactory 
knowledge of Pareimaurvs systematically. Gradually it will 
improve. Thus the jaws and quadrate which I am describing in 
this paper are from Jan Willem’s fontein — the same locality 
as yielded the type of Parelaaauraa bomb idem ^ and I think it is 
moderately certain that this specimen belongs to Owen’s species. 
Unfortunately, though my specimen reveals most of the skull 
structure, it gives no information as to the condition of the dermal 
scutes. There seems to be evi<lence of two species of J*areta- 
aanrue in this same horizon of these lower l)eds. One has 
certainly three rows of small scutes in tlie vertebral region, but 
whether this species is P, hombidem remains unknown. 


The Qitadrate and Quadrato-jugaL 

From the specimens which I have l>een studying it might be 
possible to give an account of most of the internal structure 
of the skull. But those specimens in which the b/ain case is 
preserved in a tractable matrix are cofisiderably crushed ; while 
those which are iincrushed have a flinty matrix. I therefore 
think it better to leave a detailed description of the hmin-case 
and ear region for the present, in the hope of shortly getting a 
specimen which may enable me to give good drawings of the 
structures. 

In one well-weathered skull the right quadrate and quadrnto- 
jugal are almost pei^fectly preserved, and tlieir relations with 
the neighbouring bones can for the most part be clearly made 
out. 

The quadrato-jugal is a large bone which forms the lower and 
posterior part of the huge bony “cheek.” The anterior half of 
the bone is moderately flat and thin ; but the posterior portion 
is thickened into rounded bosses, which form the posterior bor<ler 
of the lateral part of tbe skull. Near the middle of the bone a 
stout anteriorly-directed ridge springs from the upper paii, and 
firmly articulated to this is the lower pai-t of the qui^rate, as 
shown in the figure given. All that remains of the large opening 
usually present in reptiles between the quadrate and ({uadrato- 
jugal is a small foramen near the upper part of the quadrato- 
jugal. The anterior part of the quadrato-jugal gives a long 
articulation to the jugal, aud appears to just meet the maRilla^ 
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The upper part of the quadrato-jugal has a very broad articola- 
tion with the squamosal, where, owing to the great thickening of 
the bone, the suture is largely obscured. 

The quadrate is a powerful bone, immovably articulated with 
the quadrato-jugal below and the squamosal above. The articular 
surface for the mandible is made up of an inner rounded face and 
an outer elongated oval face, with a shallow groove between them. 
Though this articular end is broad, the quadrate immediately 
above is much narrowed, and then, on passing upward, the bone 
again widens out to a brotid flattened crest. This upper part is 


Text-figure 3. 



Mandible of TareUxiaurvt (Bradytaurmi) hcmhidens Os'en. t nat. 

Anff. Augnlar; Art. Articular ; Co. Coro2U>id; I). Dentarr; P.Art. Pre-Articnlar 
(Qoniale) ; Sp. fiplenial ; S.Aiig. Sur-Angalar. 


firmly clasped by an anteriorly deviated fold of the squamosal* 
The upper part of the quadrate has a fiattened facet which 
probably gives articulation to the paroocipital, but which is lost 
in this specimen. Anteriorly the quadrate is closely and im- 
movably articulated with the posterior process of the pterygoid. 
This posterior part of the pterygoid has a deep groove in which 
the anterior part of the quorate rests. On the inner side the 
quadrate is completely covered at this part by the pterygoid, but^ 
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on the external surface the quadrate is seen passing forwards 
almost as far as the anterior end of the detached portion of the 
pterygoid seen in the figure. 

In general structure the quadrate is not unlike that of Sph$^ 
9iodon, differing mainly in the fact that in BaretOMurui the 
quadrato- jugal is enormous, and in Sphenodon almost rudi- 
mentary ; but the relations of the anterior part of the quadrate 
to the pterygoid are remarkably SpheiiodonAike, 

The Mandible, 

The mandible has been described by Seeley as far as its general 
shape and characters are concerned, but without his being able to 
reveal much of its structure. He rightly, however, identified 
the large lower horn-like process as being formed by the angular. 
Watson in 1912 gave a much fuller account of the structure of 
the jaw, and endeavoured to determine the limits of the various 
elements with fair success. All the elements he has correctly 
identified, but in a good many points he is in error as to their 
limits. As very few jaws of Anapsid reptiles are at all fully 
known, a full knowledge of the jaw of Fareineaurue will be of 
much service to future workers for comparisons. 

The dentary is a large bone which forms considerably more 
than half of the outer surface of the jaw. In Pareiaeauirae 
{BradysatiruB) homhidene Owen it carries twenty teeth. There 
is a deep powerful symphysis, with bones of the two sides firmly 
anchylosed. The lower third of the front jaw is Termed by 
the splenial. Posteriorly the dentary ailiculates, as shown in 
the figure, with the surangular above and the angular below. 
Internally the deutary is seen to be largely concealed by the 
splenial and by the coronoid. 

The splenial forms most of the inner side of the anterior half 
of the jaw, and the whole of the lower border of the anterior 
third. Its upper part overlaps much of the inner side of the 
dentary. Posteriorly it has a large articulation with the angular, 
and meets the prearticular and the coronoid, both of which it 
overlaps. 

The coronoid is a small bene which forms a small coronoid 
process and the front of the upper opening into the cavity of the 
jaw. Its anterior portion rests on the dentary and articulates 
with the prearticular. Posteriorly the coronoid has an articu- 
lation with the surangular on the outer side of the opening into 
the jaw. 

The prearticular is a large bone which forms about a third of 
the whole inner side of the jaw. Posteriorly it lies on the 
articular, to which it is closely attached. Inferiorly it articulates 
with the angular and the splenial, except at the phM where there 
is the lam foramen. Above, it forms the whole of the outer 
border of the upper opening into the jaw, and the anterior, 
portion of the upper border of the bone articulates with the 
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coroiiotd. WatBOK has misunderstood the structure in this 
region, representing the coroiioid as forming the lower and inner 
border of the upper opening. The sutures in this region are as I 
have shown them in the figure. The portion of the prearticukr 
which forms the border of the upper opening is developed into a 
peculiar scroll-like structure which overhangs a deep hollow, but 
there is apparently no foramen here into the jaw. 

The angular is a long bone which forms about two thirds of the 
lower border of the jaw and about a quarter of the outer surface 
of the jaw aHiculating above with the deutary and the surangular. 
Internally it articulates with the splenial and the prearticular, 
and posteriorly with the articular. The large horn-like process 
which passes down from the jaw is entirely formed by the 
angular. A large oval foramen is situated on the inside of the 
jaw between the splenial, the prearticular, and the angular. 

The surangular is a fair-sized element which forms about half 
of the posterior thii-d of the outer side of the jaw. It is very 
much larger than Watson believed. Posteriorly it rests on the 
ai‘ticu1ar, and articulates below with the angular and in front 
with the deutary and the coronoid. It forms much of the outer 
border of the upper opening of the jaw. There is a small foramen 
in the posterior {)art of the bone, but it is variable in position. 

The articular is fairly large. It has on its upper side two 
hollows for the two convexities of the quadrate. Tliere is a very 
short posterior process. In front is clasped by the sutungular, 
the angular, and the prearticular. 

In text-fig. 4 are given a number of sections across the jaw 
which show the relations of the bones. 

а. a. is a section across the jaw at the 9th tooth. The two 
main bones are the dentary and the splenial. A small part of 
the anterior end of tiie angular is seen. 

б. 6. is a section across in region between the 15tb and Ifith 
teeth. The dentary is still seen to be large, hut the lower part 
of the jaw is now seen to be formed by the angular. Two small 
parts of the splenial are seen : the lower firmly articulating with 
the angular ; the upper lying on the dentary and the coixmoid. 
The prearticular is a fairly large element, filling the gap between 
the dentary and the angular. The coronoid is seen as a small 
spIint-Hke bone lying on the dentary. 

ex* is a section from the third last tooth downwards and back- 
wards to behind tlie point of the horn. The largest element in 
this section is the angular. The dentary is still very large, and 
it articulates with the three other elements. The preaHicular 
forms much of the innm’ side of the jaw. The foramen which 
o|>ens into the jaw is seen cut across between the prearticular 
and the angular. The coronoid is seen mting on the dentary, 
and articulating also with the preaiticular, 

dd* is a section through the posterior part of the jaw near the 
an^rior end of the articular. The size of the articular varies 
greatly with the age of the jaw. In young jawS much of the 
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antetdor part remains cartilnginous. In old jaws, as the one 
here sectioned, the antei-ior part is ossified. This large articular 
is seen clasped by the prearticular on the inside, the angular 
below, and the surangular on the outer side. Between the 
surangular and the articular is seen a deep cavity. This is the 
posterior part of the upper owning into the jaw. 

e. This represents a section through the jaw of a young 
Pareiasaur intermediate between sections a.a. and h.h. The firm 
articulation of the splenial with the angular is seen. There are 
also seen the anterior ends of the coronoid and preaHicular. 

It is impossible at present to do much in tracing the affinities 
of Pareiasaurus from the jaw-structure, as we know so little of 
the jaw-structure in other Auapsidian reptiles. The jaws of 
Pantylun and Procohphon are adefjuately known, but in no other 
“ Cotylosaurs/’ Pantylua is much more primitive in retaining 
the Amphihian prcangular. The prearticular lx)ne and the 
general arrangement of the bones of the posterior half of the 
jaw are fairly similar in Pareiasaurus and Pantylus. But this 
arrangement is the very primitive one found in tlie Labyrintbo- 
donts, and also foreshadowed in the higher fishes. Procdlo^^hon 
has a jaw which, as shown by Watson, is essentially similar to 
that of PareiasaiirtiSy but the structure and relations of the 
bones are not yet fully enough known in detail to waiiant any 
lengthy comparisons. 

It is interesting to note that the jaw of Pareiasanrua differs 
very greatly fi*om that of the jaws of the early Therapsidian 
i-eptiles. The structure of the shoulder-girdle and pelvis suggest 
affinity with the Therapsids. The jaw* shows, m does also the 
skull, that the resemblances in the girdle are due to developments 
and not to affinity. 


Addendum, 30. 4. 24. — Since I sent ofT the above paper I have 
been able to examine another type of Pareiasaurian jaw. The 
jaw above described agrees with Owen^s Pareiaaawnta hmihidena 
in having 20 teeth in each jaw ; and comes from the same 
locality. We are thus probably justified in referring it to 
Owen's species. The jaw which I am now figuring comes fix)m 
a somewhat lower locality, and differs in having 14 or possibly 
15 teeth. The two jaws also differ so greatly in proportions 
that it seems likely we will ultimately have to place them in 
different genera or subgenexu. But we will require to know 
much moi^ than we at present know before we will be able 
satisfactorily to classify the Pareiasaurs. 

The teeth in this new species are considerably larger than in 
P. homhidetiB and the broad crowns overlap. In P, homhidma 
the ^teeth ought to have been shown overlapping to a slight 
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I give figures of two nearly perfect teeth showing the rounded 
cusps~~one a tooth of jP. hambidens; the other a tooth of 
P. strubenu 

Text-figure 5. 



Mandible of Pareiasaurut $truheni Br. About \ nat, sire. The front half of tha 
dentarjr is verj much foreshortened. This mandible is that of a young 
■pecimen about f of adult size. 


Text-figure 6. 



A B 

A. 6th tooth of right mandible of Pareiataurus struhmii Rr. 

Outer view. Nat. size. 

B. 9th tooth of left mandible of Pareia$aum* bombidens Ow. 

Inner view. Nat. size. 

The new species 1 am naming in lionour of Mr. F. P. T. 
Struben, the proprietor of Abraham’s Kraal, and to whose 
interest in palieontology we owe so much. 
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21. On the Ground-plan of Winfr-patlern in Nymphalids 
and certain other Families of the liliopaloccrous 
Lepiiloptera. By 13. N. Schwanwitscu Zootomical 
Laboratory of the University of Petro^rad, Pussia. 

[Received February 1. 1921 : Read March 18, 1924.] 

(Plates I.~TV.t) 

I. iNTttonUCTlON. 

The colour-pattern of the wings of the Lepidoptera has been 
treated in many experimental studies and an immense number 
of desciiptive works, ami yet we ha\e but (* * * § ** oin]iaial.ively few 
stmlies considering the pattern as such. Its investigation has 
Rcnrcely begun, although during these last y^*9rs se\ei’ai authors, 
such as G. F. van Jlemiiielen +, J. Hotke §, A Praiiii |i, J. 0. 
de Meijere^f, and N, J. Kusnezov*^*, have published works 
on this subject. The wide extent of the subject sufficiently 
explains its present state. 

'J’liis preliminary communication is not the place for giving 
a lietailed survey of the relevant literature, and 1 thiidc it 
sufficient to say that until now the well-known investigations of 
Th. Eimertt continue lobe the most important, and that the 
majority of authors consider the dark stripes crossing the winics 
as the basis of the pattern of the Leindoptora. Eimer counts 11 
such stripes. Kusiiezov 22, van Bemmelen and Braun 7. 

It must be remarked that not one of tiie autliors who have 
studied the pattern of the Lepidojitcra lias figured any general 
schema of it, with the exc<*ption of the old and ha])py but little- 
elaborated schema of Herrich-Scbaeirer for the Noctuodea Jt, 
and the schema of W. Itothschild and K. Jordan §§ for two 
liighly-specialized genera of Nymphalids and 

The rest of the authors either homologize the dilfereiit patterns, 
as, for instance, F. Dixey |!|’ in his standard memoirs, or, taking 

* CoiinuunK’ated by N. D. Kilby, F.Z.S. 

f For cxplnnututn of tb« Platc^. si*c p o28. 

J Proc. Aciicl. Wet. Amsterdam, xviii. 1919; xx. 1918; \xi. 1919; \xi. 

1920; xxii. 1920^?; xxii). 1921. Zuol. An/.. 1910, 1921. 

§ 'rijtlschr. Netl. I)ierk. Ver (2) w. 1910-1917. 

|| Jour. Aciuh Nat. Sc. Philndelphiu, (2) xvi, 1914. 

•if Tijdsclir. Kiitomolo^rie, li\. 1910. 

** “Fauiio do la Rnsnie et des ]>ays liniitroplios fondV ])rmcipnloinent f^uv lea 
collections du Mus. Zool. de rAcinl. Sc. Petiojyrad.” luMcIa lif'judopttMji, i. lOlo. 

ft Ortlioj^eiiesis der Sclimetterlmpe (Lf ip/ifi, 1897). i>ie Aitbiblungu. V^eiuand- 
achatt l>ei d. Schmetterlingoii (Jena, 1889, 1893). 

tt See Kusnezov, L r. • 

.Novit. Zool. V. 1898. 

nil Traiia. Entom. Soc. London, 1800, 1891. 

Piioo. Zool. Soc.— 1924, No. XXXIY. 
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as a base any existing pattern which they consider as allied to 
their schemas, they have these latter in mind only. So, e, p., does 
Eimer. V. Shelford *, however, in his interesting investigation 
of the Tiger* Beetles, gives what 1 consider to be the conveuient 
method of investigating a phenomenon of such manifoldness : to 
construct an abstract schema from which the actual phencuoeiia 
may be derived. 

I use the same method, though, owing to the war and revolu- 
tion, I did nob get acquainted with the memoir of Bhelfoitl until 
a long time after the beginning of my work. 

This paper contains an attempt to construct a schema or 
prototype of the wing-pattern for several allied families of the 
Kliopalocerous Lepidoptera, chiefly the Nymphalids, 8a ty rids, 
Morphids, and Brassolids. 

in uiy investigations I have availed myself of the collections 
of the Zoological Museum of the Academy of Bciences at Petro- 
grad, as well as the small collection of the University of 
Petrograd, and sometimes also the alias of A. Seitz t. 1 am 
indebted to the Administration of the Zoological Musetirn, ami 
chiefly to Mr. N. Kusnezov, Custotlian of the Lepidopierologictil 
Depai'tment, for permission to study its extensive collections. 


II. Tub Schema or Phototype of the Wiko-patterk. 

The present study is free from the tendency which may l»e 
traced throughout the whole morphology and comparative 
anatomy of the second half of the nineteenth and tiu* Iwginning 
of the twentieth century — the tendency to construct tlie scheiims 
of the organization of different groups of the animal world Hiid 
call them the hypothetic*!! ancestors of these groups. 1 tluuk a 
morphological schema necessary only in order to show wiiich of 
the features of the various organisms under investigation are 
common t<j them, and to make cleiir the general plan of their 
sorncture. In what relation our plan of structure of the now 
living organisms stands to that of their extinct ancestors is 
chiefly a pal«eontological question, not to be decided without 
palaeontological methods if we want to avoid introducing into 
zoology too many hypotheses. This point of view, though not 
generally accepted, is supported by some of the most pro- 
minent contemporary biologists, such as 0. Abel and others, 
and affords two advantages: fii*sbly, we get rid of superffous 
hypothetical ballast, and secondly, by eliminating the ancestral 
element, we acquire much more freedom in the actual construction 
of schemas. 

The schema or, as I think more convenient to call it, the 
prototype of the wing-pattern, shown at PI. I. fig. I, is constructed 
in aocoraauce with the foregoing considerations^ This purely 

* Illinois Biol. Monogr. iii. No. 4 , 1917* 
t I>i« Grossschmetterlinge d. Erde. 
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abstract construction was alteml repeatediy os my studios pro- 
ce6<l6<), and is liable to undergo many more alteraticns with their 
further progreiis. In its present foim, somewhat diflering fiorn 
that formerly published*, it is but an approximate, may le 
incorrect, reproduction of that gioiind-plan of the wing- pattern 
of the families mentioned, the finding of which is the purpose of 
my studies. I do not attribute to it any ancestral ukeaning. 

In the same sense ns N. Kiisnezovt, I under«t>md the wing- 
pattern of the butterfiy to be formed by the ensemble of the 
dark, chiefl}* melanic, stripes and spots. The light, often vividly- 
coloured background on which they are situated 1 look upon as 
a substratum without morphological importance, and do not 
take it into considemtion. The limits set to my investigation 
are exclusively and purely methodological, and 1 by no means 
prejudge any de<‘,ision on the nature of the relation existing 
between the pattern Jind the background. 

The Htri[)es and sj»ots forming the prototype of the wing- 
pniteru — in other words, the components of the pattern — shown at 
PI. I. fig. 1, according to their relation to the wing-nervures, are 
divided into longitudinal and transverse. The longitudinal ones 
oie parallel to the nervures, the transverse ones are disposed 
transversely to the nervures. The longitudinal stripes are of 
two kiixls: they may he called vcmous (V.) when they follow 
along the nervures, and intervenous (I.) when they run between 
the nervures along the middle line of the respective cells. 

The ti*ansverse components repiesent much greater variety. 
Along the outer margin there are three parallel stripes, which, 
beginning with the outermost, we designate as Externa I. (El.), 
Externa II. (Ell.), and Externa III. (EllJ.). After them 
comes a chain of eye-spots (OcellatJe (OC.))> one in each cell. 
Ill view of the great independence of the separate eye-spots, 
each of them is marked with a number corresponding to the 
number of its cell. For my purpose the system of numeration 
used by English authors is very convenient, and applying it, we 
have on the foi’e-wings eight and on the hind -wings seven 
eye spots, the nearest of them to the hind margin being counted 
as the fii'st. I'he eye-spots represent a circle, with a liglit 
remnant of backgi'ound (the piipiila of the systematists) in its 
centre. The eye-spots 7 and 8 of the fore-wing are considerably 
smaller than the rest of them, owing to their cells being nanow. 
Each spot is surrounded by a circle (C.) forming an independent 
component. The eye-spots 7 and 8 of the fore- wing have no 
circles. The next component is the shade or Umbra (U.), a 
broa<i ribbon-like band with dififused otitline, accompanying the 
chain of eye-spots along the whole extent of it, and bordering it 
on both sides, so that one pai t of the Umbra is situated between 

• Obwrvatioiw on the in Rhopeloem.** Proc. Ist Con^\ Ri'se, 

Zool. Altai. A Histologieta^Pelrofutid, 1928 (note the inconvet Kiiglidi tnuiFciiptiuu 
Ct* my name). 

t X. e. 
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Externa 111. and the eye-spots, the other is proximal to the 
chain of the eye-spots. The Umbra fills, as it were, the intervals 
between the eye-spots, and therefore its edges on their side 
repeat the outlines of the eye-spots or their circles. 

The rest of the wing is occupied by a medio-discal system 
of stripes which is rather complicated in the interrelations of 
its parts. Its morphological axis is a broad bar lying on the 
nervures enclosing the so-called median or central cell, situated 
in the central region of the wing. These nervures N. Kusnezov * 
calls discal ; this cell we will also call discal. The first discal 
stripe (Dl.) on the fore-wing is confined to the limits of these 
nervures; on the hiud-Wing it extends forward into the 7th cell 
and backwards into the 2nd and 1 st cells. As the first discal 
stripe is very often found double, it is represented in the 
prototype as composed ot two parts, a discal and a proximal one, 
bordering the discal nervures. The second discal strijiKj (Dll.), 
situated in the proximal half of discal cell, is of the same 
structure. On the fore-wing it extends backwards into the 
1st cell, on the hind-wing (only) forward into the 7th cell. 
The last stripe is the Basalis (li.), and crosses both wings at 
their bases. 

Near the morphological axis formed by the first two discal 
stripes (Dl.) passes a broad ribbon-like band formed of two paii's 
of stripes. One pair of SLr4)es, termed the first and second 
Medite (MI. and Mil.), form the margins of tins ribbon. The 
other pair lie between the Me<Uae (Ml., Mil.) on either side of the 
discal stripe (Dl.), and are designated as first and second 
Granulatce (GI. and GII.). The Media3 difier little from the 
other above-described coniponents in their structure — i. in 
the density and character of arrangement of their y>igment. 
The fii-st Media (MI.) passes distally from the first discal stripe 
(Dl.) and crosses all the cells of the hind-wing from the 1st to 
7th and six posterior colls of the fore-wing, for the 7tih and 
8th cells of the anterior wing do not reacli as far as Media I. 
The second Media (Mil.) passes proximally to 1)1., and in its 
greater part it extends over the discal cells, while only a small 
number of marginal cells are crossed by it. These are tlie 1st 
and 2nd cells of the fore-wing, and the 1st, 2nd, and 7th of the 
hind-wing. Both Granulate have a structure diiierent from all 
the above described. They are not so much stripes as boundary 
lines of a broad, rather faiiitly-pigmented area enclosed by them. 
The grain-like arrangement of the pigment on this area in 
some actually existing patterns has led me to term them 
Granulatte. The arrangement of both Granulate almost 
entirely corresponds to the arrangement of the Medim; tliiis 
Granulata 1. runs closely parallel to Media I., and Granulata II. 
to Media II. 

Thus the components Dl,, MI., MU., GI., and GII. constitute 

• L,c, 
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a certain system, one half of which repeats, as it were, the 
other half. The morphological axis of the system is constituted 
not so much by the iirst discal stripe as by the discal nervures. 
We observe that, with regard to them, all the stripes of the 
system symmetrically arrange themselves in pairs. Nearest to 
the nervures are the two halves of the discal stripe itself (DI.) ; 
considembly receding from them and symmetrical to one 
another are situated Granulata I. (Gl.) and Granulata II. 
(GII.) ; and, lastly, on the periphery the system is limite<l by two 
syinnietrical Media) (MT. and MIL) I must insist that in this 
place 1 do not apply the word symmetry in its usual meaning, 
because from a glance at the figure it is clear that being laid 
ono over the other the two halves of the system would not 
coincide, as the shape of MI. is not that of MIL, as it would 
he il* reflected by a mirror. If we could alter the shapes 
of all the cells in a way that they would become symmetrical 
with the axis of our system, as was done by A. Mayer* 
with the pattern of the Iteliconids, our system would he 
cpiite symmetrical also in the shape of its components. But 
being laid on the asymmetrical cells it becomes bent, and its 
halves do not coincide if laid one on the other. This pheno- 
menon is but a particular instance of curvilinear symmetry, 
at the present time the subject of a special investigation 
by Professor I), V. Nalivkiu in the Academy of Mining in 
Petrograd . 

Such are the components constituting the prototype. 
In this preliminary communication I put them in the 
most simple form, without considering some complications 
whicdi are sometimes observed, as, e. the dividing of the 
stripes into two parts, etc. which as yet are not sufilciently 
studied, hut when they are, may considerably alter the given 
construction. 

During my work it has proved of great practical convenience 
to construct the formulte of the patterns in analogy with the 
teeth formulte of the Mammals. By connecting all the letters 
indicating the components used in PI. I. fig. I we get the formula 
of the pittern. At the same time, each wing has its own separate, 
formula, and these are written one above the other with the 
horizontal line between them; above the line are written the 
indices of the fore-wing, and beneath it those of the hind-wing. 
The eye-spots, in consideration of their great independence from 
one another, are designated in the formula, each by its own 
number. But I do not introduce the indices of the circles into 
the formula of the prototype under consideration. It is written 
as follows 

E f.En.Em. OO (1.2. 3. 4. 5. 6. 7.8.) U. | MI.MrT. GI.GI MH. DI I. B. | V.I. 
BL EU. KlIL OC (TTeTs .4.5.6.77) U. | MI. MIl.GI.GIL DI. DII. B. | V. L 


• Ball. Mua. Comp. Zool. Harvard Coll. xxx. 1898-1887. 
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III. Tub Realization op tub Prototype op the Wing-pattern 

IN SEPARATE FAMILIES OP RuOPALOCBRA. 

The described prototype of the pattern is a purely abstrnct 
schema, and the fundainental character of its realization consists 
in its not being entirely realized in any species or individual. 
I even suppose that some of the combinations introduced into it 
ai*e not realizable at all. But as the prototype does not pretend 
to an actual existence, this is not to be considered as an im- 
pediment. Passing from iudiviiluals and species to genera and 
families, however, we shall 6nd within their limits an almost 
complete realization of tlie prototype. Examples will show this 
best. 


(1) SatyridsB. 

Although the Nymphalids represent the most im|)ortant 
group of butterflies treated in this pnpei*, we shall begin witli 
the family of Sacyrulie, because we observe in them greater 
simplicity of the relations, and shall leave to the end the 
Nymphalids as the more complicated group. 

Oil the underside of the wings of the Asiatic Satyriil, ^fy- 
calesia sp. (PI. I. fig. 2)*, we find a pattern repeating the prototype 
to a considerable degree. On the outer bonier there are three 
parallel stripes undoubtedly repeating the first, second, and third 
ExternsB (El., Ell., Elll.). All these stripes, except El. of the 
fore-wing and especially’” the thii*d Externa, form a denticle 
in each cell. Proximally from them passes the chain of eye- 
spots. These are very well developed, with a light pnpilla in 
the centre and a circle round eiich ((J.). As the eye-spots 
themselves sharply differ from the other coin^ionenta and more- 
over are numerous, I have not designated them on the figures 
by their indices, but whenever an eye-spot occurs in a cell, the 
figure indicating its number is surrounded by a ring. In the 
first cell of tlie hind -wing there are even two eye spots. The 
doubling of the components of the pattern in this cell has found 
consideration in literature, and is explained by the presence of a 
rudimentary nervure which subilivides this cell in two. But in 
order to avoid unnecessary complication I do not introduce this 
additional spot into the prototyjie. Beyond the eye-spots there 
is the Umbra (U.), rather broad in the middle cells of the hind- 
wing. A blank interval separates it from Media I. (ML). This 
latter has a more rectilinear couT*se than in the prototype, owing 
to its anterior and posterior ends being displaced distad. The 
whole area between Media I. and the wing-base is rather 
intensely pigmented, but there are still discernible on it Media 
II. (Mil.) on both wings, the first discal stripe (DI.) on the 

* I winlx to utato that the idontifications of the epecimeiiB, from which the 
dniwingg for the present paper are made, were taken from the collectirm and 
materials of the foologdcal Mnaeiira at well as from the University collection, 
liesidcs, this question is not of first-rate importance for our purpose. 
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him)-wi ng, and the outer half of the second dtecal stripe (DIT.) 
on the fore-will^^ Apparently its inner half also exists, hut 
it remains invisible owing to the thick hair which covers tlie 
wing' base. * 

8o we find in the MycaUais sp. quite a number of the com- 
ponents of the prototype, but numbers of them are wanting : 
first, the eye-spots in the 1st, 7th, and 8th cells of the fore* 
wing and in the 7th cell of the hind- wing (that is why the 
meiiibers of these cells are not provided with rings); secondly, 
the fii'st discal stripe (1)1.) on the fore-wing; thirdly, the basal 
stripes (B.), which ore entirely absent ; fourthly, there is not a 
single stripe of the Granulatie (Gl. and GlI.); fifthly, the longi- 
tudinal strif>68 are entirely wanting, the venous (Y.) and the 
intervenouR (I,). On the other hand some of the present com- 
ponents are expiessed either not typically or weakly. The 
course of the first Me<iia is not typical, as has been already 
mentioned, and all the medio-discal components present are 
weak. 

If we write dov\ n the formula of the pattern of Mycidpau sp., 
putting dashes in the places of the absent com^ronents, iLs aspect 
will be tlie following : — 

KI.KII. KIII.OC(- 2.8.4.5.6 .*.*) .U. [ MT. M TI. - - * Dll . - | - - 
KI.kn.KIlI. (>0(1.2.3.4.676^- ).U. | Ml. Mil. - 1)1. - ' - | - 

In this formula, out of 41 members composing the prototypical 
formula, 25 of them fire present, the other Ifi nre aafiting. 

However, turning our attention to some other Satyrida^ we 
sluill find there the coinjionents in which the Mycalesis sp. is 
deficient. For example, we find in the Anadehia hmachala Moore 
( PI. I. fig. 4) on itis fore-wing Hhno.st a complete chain of eye-spots 
00 (1 , 2 . 3 . 4 . 5 . 6 , 7 . Rut the 8th eye-spot I did not find 
anywhere in the family of the Satyridae, which probably is due 
tiO thoir 8th cell being very nan'ow. AImo.st all the circles (O.) 
surrounding the eye-sjiots coalesced in the Avathlm into two 
stripes on either side of the chain. The 7tli sjiot of the hind- 
wing, wanting in the Mycaleau sp., is present in the Keope gosch- 
kevitachii Men. (PI. 1. fig. 3), which has on the hind-wing a complete 
chain 0(J (1 . 2 . 3 . 4 , 5 . 6 . 7 .), The first Media (MI.) of the 
same Neope has a more prototypical course than that of the 
MycaUsia sp. Its anterior and posterior ends ni e l>ent tow’nrds 
the wing-b>ise as in the prototyf>e. Tlie prototypical course of 
MI. is somewhat disturbed on the fore-wing, where Ml. 3, f. s, 
the piece of the fii*st Media situated in the 3id cell, is torn off 
from MI.4 and displaced ]>roximany. But in another unidentified 
species of the same genus (PI. II, fig, 8) the course of Media I. 
snfiers no interru]>tion. The best development of tlie course 
of both Medim we find in MycaUaia viaala Moore (PI. II. fig. fi), 
wbei*e moreover on the fore-wing the second discal (DII.) 
and l)asal (B.) stripes are distinctly developed. Both Gfanulat^e 
we find in some species of A^eope, In j^eope sp. (PI. II. fig, 8) 
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they are visible (GI^ and Gil.) on the fore- wing, and in 
goschkevitachii (PI, I. fig. 3) on the hind-wing ; they have the 
characteristic appeamnce of faintly pigmented lines bounding 
a n<5t very dark area enclosed between them. On these same 
patterns appear the sufficiently developed first discal stripe (DI.) 
of both wings, and in Neope sp. (PI. II. fig. 8) DI. of the fore-wing 
is even double, as required by tiie prototype. The second discal 
(DII.) of the hind-wing is found in Neope goschkevitachii (PI. I. 
fig. 3), but here it is broken up into three parts, of which two are 
situated in the discal cell and the third in the 7th one. Besides 
that, the hindmost of these three pai ts touches the discal piece of 
the second Media (Mil.), which also is not prototypical. But in 
Neope simulans Leech (PI. II. fig. 7) this discontinuity is only 
indicated ; the entire stripe (DII.) forms one whole and does not 
touch Media II. (Mil.). Here we see also a rather perceptible 
Basalis (B.) on the hind-wing, wanting in all the above-named 
butterflies. 

Until now wo have not seen any longitudinal comj>onent8. But 
the pattern of the American Satyrid, Lg'inanopoda acrmda Btlr. 
(PI. I. fig. 5), represented by 8eitz on table 52^ in vol. v. of his 
Atlas, consists on the hind-wing exclusively of venous stripes (V.) 
following along the course of the nervures and of intervenous 
stripes (I.) between them, ar.d on the fore-wing chiefly of these 
stripes. 

It is apparent from the above that the components of the 
prototype which are absent in the Mycalesia sp. with which we 
began may be found in other representatives of tlie family 
8atyridaB, and that even if each of them realizes the prototype 
incompletely, yet it is almost completely realized within the 
limits of the family. This is particularly obvious if we write 
out the formula) of .several of the butterflies examined in those 
parts that interest us, and then sum them up in order to obtain 
the total formula of the famil)'. In putting al>ove the line the 
indices of the components of t)io fore wing and beneath it that 
of t'le hind- wing, we get : — 

Mycalesis sp. (PI. I. fig. 2). 

EI.Eir.EUl.OC(- I M I. MIT. 1)11. 

EI.EIbKlii.'oCd -7.U. | Ml. Mil*. - - DI." ~ j" - 


Anadfdjia himacluda (PI. J. fig. 4). 


orn .2.3.4 /) n.7 -). 


yeope sp. (PI. JL fijL’. 8^ 

I Mf.MTT. Gl. GIT. DI. DTI. B. 


Neope goBchJcevitachii (PL I. fig. 3). 


J. 


bl.ECI EllLOCa. 2*3.4. 0.11.7. ) . U. | Ml. MII.GI. Gll.Dl.DII. 
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Neope simtdans (PI. IT. fig. 7). 

I I 

I Dll. B. \ 

Lymanopoda aa^mida (PI. I. fig. 5). 

I IVJL 

I 1 v.l. 


SATYRIOifi. 


El. Eli . Kill. 00(1.2.8. 4. 6. 6 . 7 . ->) . U. | Ml. Mil, GI. GII. DL DII. B. | V. I. 
Kl. EU. Kill. OC (1 . 2 . 8 . 4 . 6 . 6 . 7 . ) . U. I MI. Mil. Gl. GII. DI. Dll. B. | V. 1. 


This total formula of the family SatyrirlcB differs from the 
formula of the prototype in the absence of but one component 
—the eye-spot within the 8th cell of the fore-wing. But, as we 
have already stiid, tlie absence of this very spot is not essential, 
as the 8th cell is too narrow. There are, indeed, other disparities 
with the prototype which are not shown by the formulie. For 
instance, 1 have not found on the hind- wing of Hatyrids either 
those pieces of DI. which must lie outside the discal cell, or a 
ca.se of the latter being divided up into two ; neither have I found 
on the fore- wings the piece of DI. which ought to be within 
the let cell. But it seems to me, even taking into account their 
absence, we must admit that in the family of Satyridw the 
prototype is realized with suthcient completeness. 


(2) UorphidsB. 

Applying the snine method, we will now consider the Mor- 
phidfiD, restricting ourselves to their American representatives. 

The under side of the hind-wing of Morpko epiatrophia Hh. 
(PI. II. fig. 10) shows, but for the absence of the longitudinal 
stripes, almost an entire reproduction of the prototype. We see 
three finely- developed Externas (El., Eli., EIII.), the third of 
which forms in each cell a large denticle. A broad Umbra (IT.) 
borders an almost complete chfiin of eye-spots. (The presence of 
eye-spots is designated on the figure by rings surrounding the 
numbers of corresponding cells.) In the chain, only the 7th spot 
is wanting. Further on there is a broad dark ribbon formed by 
both Mediie (MI. and Mil.). In the discal cell, enclosed between 
the two MedisB, there is the double first discal stripe (DI.). Still 
further we observe the second broad discal stripe (DII.) I’eaching 
into the 7th cell, and, lastly, at the base of the wing there is 
the typical Basalis (B.). The formula of this wing may be 
written as follows : — 


EI.Ell.£ai.OC(l .2.d.4.S.8.-).U. |MI. MIX. - - DI. DII. B. | -- 
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BeRules the components absent in the formula, we must point 
to the absence of the first Discalis in the Cth and 7th cells and 
the absence of both Discalia behind the discal cell, to the rectilinear 
course of the eye-spot chain, and to the sinuous course of the 
first Media, 

The abvsent 7 th eye-spot is found in Morpho anaxihia E8p.( PI. 1 TI. 
fig. 14). In the same butterfly we observe a more prototypiml 
carve<l course of the whole chain of eye-spots. Here it apparently 
stands in connection with the outline of the outer edge of the 
wing, which in Morpho epistrophis is nearly rectilinear and bent in 
Morpho anaadhia. The piece of DI. wanting in the anterior cells 
of Morpho epigtrophis is present in Morpho aidkowghpi Koll. ( Pl.1 1 1 . 
fig. 13), where this stripe reaches the extremity of the 7th cell. 
Here, too, the dividing of the two Discalia can be better trace* I 
than in Morpho epiatrophig^ and MI. is not sinuous. Hut I htwe 
not been able to find in the posterior cells of the Morph ids the 
pieces of both Discalia, the presence of which is required by 
the prototype. Likewise I have not been able to find the 
Gran Ilia tse. 

Turning to the fore-wing, we see that Morpho pet'sem Cram. 
(PI, II. fig. 9) reproduces the prototype rather completely. All 
three Externaj (El., Ell., EIII.) are sufficiently prominent, with 
the exception perhaps of the third (EIll.), which is less pigmented 
than the other two, and has coalesced with the Umbra (U.) along 
the throe posterior nervures. The broad Umhm is subdivided at 
its anterior end and denticulated at its distal border. There are 
only four eye spots, in the 2iid, 3rd, 4th, and 5th cells. If'he cour*se 
of the fii*st Media. (MI.) is prototypical in the anterior cells, while 
in the middle of the 1st, 2nd, and 3rd cells it is proximally dis- 
placed, with the result that it gives the first Media a denticulate*! 
outline. The second Media (Mil.) on the whole repeats trie 
course of Media I. Attention need only be calle*! to its con- 
siderable dislocation at tlie base of the second cell ami the 
resulting sharp l^iuding of its outline in the discal cell. N(>twith- 
standing these differences, the broad ribbon formed by tbe two 
Medim is sufficiently conspicuous. Tbe first discal stripe (DT.), 
though faint, is still clearly visible ; the second one (DII.) is well 
expressed, but repeats the sharp bending of tbe second Media. 
The l)a8al stripe is present, but has divided into two longitudinal 
stripes. The formula of the fore-wing of Morpho peraeug is the 
following : — 

KT.Kir. Kill. OC (-2.3.4.6. ) . U. | MI. MIT. - - 01.1)11. | - 


The absence of some components and the other indicated 
divergencies from the prototype may lie partly corrected. 

A sharply-expressed EIII. with denticles identical with those 
we observe on the hind-wing of Morpho epigtrophia (“PX, II.' fig. 10) 
is found in Morpho narciaeuB Stgr. (PI. II. fig. 12), wheie the other 
Externie are also more strongly expressed than in Morpho peraeiiB^ 
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and moreover the indimted coalescence of EIII. with the Umbra 
on the posterior nerviires does not occur. Of the absent eye-spots, 
the 6th is observed in Morpho Midkowskyi (PL III. tig. 13) and the 
rndiuientary 1st in Morpho auaxihia ( PL 111. fig. 14). Both discal 
stripes in tiieir divided state are well developed in the fore-wing 
of Morpho anlkowskyi (PL III. fig. 13), where the shnrp bend of 
Mil. and Dll alluded to above is not present. A patteim more 
resembling that from which we departed is found in M(yrpho 
narciaam Stgr. (PL II. fig. 12), where these bends likewise are 
not found and the Basalis (B.) is not divided longitudinally. 
As for the Granuhitre, tln^y, too, were not to be found in the fore- 
wing. The longitudinal components are also very feebly developed 
in the Morphids. Morpho a?ga Hb. (PL II. fig. 11) has con- 
spicuous venous stripes (V.) along the nervures, thougli they 
are rather short on the hind-wing. But I was not able to 
ascertain tbe presence of intervenons ones. The venous stripes 
of Morpho (rga manifest themselves well on the upper side of 
tlie wing, whereas all the other patterns treated are those of 
the under side. As I am convinced that there exists a close 
(jonnection between tbe upper and under side designs, I do not 
consider this cii*cutnst>inee an obstacle to the inclusion of the 
venous stripes in the pattern of Morphids in general ; but as 
the nature of this connection is sometimes very complicate<l, 
I must make this remark. 

By summing up tbe formulie of some of tbe patterns of Morpho^ 
coiisi<lei*ed as we have done in tbe preceding paragraph, we get 
the following table : — 


Morpho pe9'seu8 (PL II. fig. 9). 


KI. RII.KII1.0C(- 3. 3. 4. 5. ) . U. ! ML MIL - 

- PL PIL R. f - - 

1 

Morpho epiatropJiia (PI. II. fig. 10). 

1 

1 

El. Eli. Kin. OC 11.2.8.4. 6 . 6 . - ).U. | Ml. Mil. - 

- PL PIL B. 1 

Morpho avaxihia (PL III. fig. 14). 


Or(l.2..3 4.6. ). i 


00(1.2.3.4.6.6.7.). 1 

1 

Morpho aidkowaki/i (PI. 111. fig. I.*!). 


O0( 4.5.6.--) 1 


1 

Morpho o-sffi (PI. 11. fig. 11). 

i 

1 

IV.- 

1 IV.- 


MorphidwC:. 

FI. Eli, FIIL OC (1 .2. 9. 4. 5.6. --). I T. I Ml MI T. ~ D I. PH . B. I V. - 

K EUI.bclt^ 3 7i7i . 5 . 6 .1 . ) . U. YmI. mil bl. blL B. 1 V. - 




52a 


MU. B. M. SOHWANWITSCH ON THE 


In the totdl formula of the family there are wanting eight 
mem here. 1 think that at least part of them are likely tor^ 
he found in a more extensive material than happens to be at my 
disposal, because in the collection of the Zoological Museum of 
the Academy of Sciences, the exotic material is considerably 
inferior in quantity to the Palteai^ctic. For example I have 
found in one specimen of Moi'pKo cega indications of both 
Gmnulatffi, but not distinct enough to justify taking this species 
into account just now. However, accepting the formula of the 
Morphids such as it is, it must be acknowledged that, with the 
exception perhaps of longitudinal com)K)nents, the prototype 
in its essential parts is realized in this family with sufficient 
completeness. 

The Asiatic Morphids are now considered as a subfamily — 
Amathusiinfe. 1 have studied them sepaiately. I'he prototype 
is realized in them almost to the same degree as in Morphidte, 
s. str., but not wishing to enlarge this paper, 1 confine myself to 
these remarks concerning them. 

(3) Brassolids. 

In the purely American family of the Brassolids there are 
observed the same relations. 

In Opoptera acadina Latr. (PI. HI. fig. 15) we find on the 
under side the following pattern : — The second and third Extern® 
(Ell., EITI,) are sufficiently apparent, whereas the first (El .)5s 
considerably fainter, especially in the fore-wing, and is repre- 
sented not by a sharply- outlined stripe, but by a diffuse dark- 
ening of the outer wing-margin. The chain of eye-spots is very 
reduced ; only the oth is present on the fore-wing, and the 2ml 
and 7th on the hind-wing. The Uinbm (U.) is discernible only 
on the fore- wing, where it presents a broad ribbon, filling out 
the interval between EIII. ami MI. and narrowing in its hind 
part. In the first cell it is darker than iu the rest. The inedio- 
discal system is also developed only on the fore- wing. The first 
Media offers the usual aspect except for its posterior end, which 
is displaced distally. The second Media (MIL) is well developed 
in its distal p^rt, and in the first cell displaced proximally. Tbe 
first discal stripe (DI.) is not large, but well developed and double. 
Between MI. and Mil. there is a loop marked by an asterisk*. 
An investigation of the genus OpBipJianes^ on which I cannot 
dwell in this place, sliows that this loop probably re{)resents a 
separated part of Mil. Further on comes the excellently 
developed and characteristic second Discalis (DII.), and lastly 
the B^lis (B.). The formula of the design of Opoptera acadina 
is the following ; — 

Kf. Eli. Ki ll. PC ( 5 . ) . U. I MI. MIL - - 1)1. Dll. B . | 

El. Eli. ElIl. DC (-2. 7.)-!-- 

There are wanting in this formula 26 members out of 41. 
Essential features are the absence of almost all the eye-spots and 
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the wliole medio-digcal system on the hind-wing, for thougli at tlie 
suppoi^ed place ol‘ the latter there are light-coloured areie, it is not 
possible to say with certainty to what they corres[)oiid. Besides 
this, our attention is attracted by the fact that the 7th eye-six>t 
of the hind-wing is displaced too much proximally. Tliis may 
lead one to doubt its belonging to the prototypical chain. But 
an investigation of several more representatives of Bixssolids 
completes to a considerable degree the poverty in members of the 
formula of the Opoptera, 

Tims on the fore- wing of CaXigo prometevs Koll. (PI. III. 
fig. 18) we see, first, El. much more sharply outlined than in 
Opopteru^ and secondly, and this is of the greatest importance, 
the chain of eye-spots is here present in its entirety, with the 
exception only of the 1st spot. It muf.t be |)ointed out that only 
the 2iid, 3rd, and 5th spots have the typical aspect, w'hile the 
rest of them are degenerate, and of the Gtb, for instance, there 
remains chiefiy the large pupilla having the crescent-like shape 
characteristic of the Brassolids. Nevertheless it is quite clear 
that CaUgo has a chain : — 

O C (- 2 . 8 . 4 . 5 . 0.7.8.). 

Catohlepia herecyntkm Cram. (PI. III. fig, 19) has on the 
hind-wing an almost complete chain, represented by the 
formula : — 

ocv 2 TsTiTsToTTTyr 

Here, too, several spots — chiefly tlie 6th — are degenerate, but 
their presence is still apparent. It is evident, too, that the above- 
indicated proximal position of the 7th spot in Opoptera is due to 
the considerably bent course of the whole chain on the hind-wing 
of Brassolids. 

The medio-discal system of the hind-wincr is present in 
Opslplhanes inviras Hubn. (PI. III. fig. 17). When tracing the 
course of the two Medi© (MI., Mil.), beginning by the posterior 
end, we sec that they cross the first cell, after which MI. passes 
through the second cell into the comer of the third one, and 
Mil. enters through the corner of the second cell into the discal 
one, where it bends thrice at right angles and with its anterior 
eml cofilesces with the large dark DII. The first Media (Ml.) 
having passed into the 3rd cell disappears in it, is absent in tho 
4th, appears again in the 5th, and thmugh the 6th comes out into 
the 7th, reaching its limit. Its whole course leaves the impression 
(here I by no means intend to speak of the nature of the process) 
that Media I. is moving tow*u*ds the wirig-base, but is not able 
to cross the discal nervures lying on the way, and therefore begins 
to envelop the discal cell on either side, and at the place of the 
greatest “ tension ** — namely, the apex of the cell — disappears 
entirely, breaking up, as it were. In tlie 7th cell, besides MI. 
there is found also MU., the two having cotUesced in the middle of 
tlie cell. This coalescence obscures the pictuie, but in another 
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fipeoimen of the same species {PI. III. fig. 16) it is alMsent, and both 
Mediae jmss thi*ough the entire 7th ceil independently of each 
other. 

I cannot ascertain tlie presence of tlie first discal stripe in 
Opsiplianes, thougli tliere ai*e iudicationH of its existence, but the 
secoinl one (DII.) is very strongly developed. It is divided into 
anterior and posterior halves dislocated from one another. This 
<lislocation repeats the bend of the above- treated piece of 
Me<lia II. and does not represent anything exceptional. A similar 
condguration of Dll. exists for instsiice in Nsope goachkevUschii 
(PI. I. fig, 3). In Opsiphanea invirce the second Disoalis apparently 
has no extra->discal parts, but there is a sufficiently discernible 
Basalis (B.). The formula of the medio' discal system of the 
hind- wing of Opsiphanea invirm is the following 

Ml. Mir."- - - liiiTlr. 

The last of the Brassolids we have to consider is Peneiea 
pamphania Doiibl. (PI. III. fig. 20) : it has a design in which the 
presence of venous stripes (V.) on both wings is quite obvious. 
There are no intervenous stripes, for I cannon consider the small 
stripe at the base of the fore- wing sufficient for introducing this 
component into the formula. 

Surmning up the formula) of the Brassolids dealt with, we 
have : — 

OpopUra acadina (PI. III. fig. 15). 

Ri hKin oc (- - - - 6 . ).iMML Mrr. - - or . oibJLJ “ “ 

El.Kli.Km.OC(- 2 ” 7 . ).- I - - ~ - - 1 - - 

Caligo prometma (PI. TIL fig, 18). 

OC(-2.3.4.o.0.7.8.). I L 

T -|--- 

GatohUpia herecynthus (Pi. III. fig. 19), 


OC(- 2.3.4.6.6.7 .). 1 | 

Opaiphcmea inviras (PI. III. fig. 17). 

I MI. Mil. DU. B, 1 

Penetea pamphania (PI. III. fig, 20). 

J I v.- 

1 I V.- 


Brassolid^. 

Kr.Kir.KnT.o<M-2.8*4.6.s.7.ft.)\u. I MI. M ir . - - m. mr. B. )v.- 
EI.En.Bin.OC(-*2.3.4.6.6.7. ).- | MI. Mil. DII. B. | V.- 

In this formula there are wanting 10 meml>ers out of 41. 
Only. the Granulate and Intervenosie are entirely absent: as 
regards the Umbra and DIscalls I., their presence^on the fore- 
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wing gives us a right to expect their presence on the hind>wing. 
With no less right there may be expected the presence of 
eye-spots in the first cells of both wings. The material of 
Brnssolids in the Zoological Museum of the Acadtmy of Sciences 
is very scanty. At my dispot^al there were no more than 173 
specimens, but I suppose that with more ma^terial the foimiila of 
the family could be contpleted and the homologies of the com- 
ponents shown more easily. NevcHheless, even the analysis 
given justifies the assumption that our prototype is realized in 
the family of BrassolidsB in its main features. 

(4) Nymphalidffi. 

Let us now turn to the last and most extensive of all the 
families treateil in this study — the Nymphalids. 

The pattern of the under side of Precis ceryne B. (PI. IV. 
fig. 21) to a conaidernhle degree repeats the prototype. The 
three Exterme (EL, £11., Kill.), though not very pioininent 
in the greater f>art of their extent, are yet sufiiciently clearly 
expressed within the Ist cell of the hind-wing. The eye-spots 
are rath(*r small, but their cliain is very complete; only the 7th 
is missing on the foie-wing, ami the 1st and 7th on the 
hind-wuig. On the proximal side they are bortleied with an 
Umbi-a (U.), faint but cleaily discernible. The fiist and second 
Media) (MI. and Mil.) are very sharply delineated on the fore- 
wing, where betw'een tliem is enclosetl the first Ilisealis (1>I.), 
which, however, is not prominent. On the hind- wing the first 
Media (Ml.) is expressed wdth suliicient clearnef-s, while the 
second one is discernible only in the discal and tlie 7th cells. 
The formula of Precis cerym is composed as follows; 
Kr.Kll.KrfF.OC( 1.2.3.4 n . 6 . -8. ) . U. | M b Mi l. - - DL DTI. R | - ~ 
Kl KIT. Yu 1.6c '(- 2 . 3 . 4 , 6 . 6 . - ) , U. | M 1. MIL - - 

Out of 41 members there are wanting 13, and many of the 
components present are expressed faintly. 

Other Nymphalids complete these gaps. 

For instiuice, in Precis avwsiHs Dru. (PI. IV. fig. 22) all three 
Exterme are well pronouncetl in their whole extent ; likewise the 
chain of eye-spots and the Umbra (U.) are expi*essed more clearly 
than in Precis ceryne^ but the components of the chain are the 
same. They are completed by Precis archesia Oram. (PI. IV. 
fig. 26), which has on its foi*e-wing a very small but nevertheless 
<listinct 7th eye-sj)ot (OC 7), and by Apatura moniis Edw, 
(PI. IV. fig. 23), wdiich has on the hind-wing a complete chain 
of eye-spots, including the Ist and 7th ones we are in need of. 

Its formula is 

DC ("1.27 874. 6. 6. 7.). 

The medio-discal system is well developed in Doleschallia pratipa 
Feld. (PI, IV. fig. 24), where, besides the full set of sharply- 
pronounced medial and discal stripes, there are present toth 
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Gmnulatae (GI. GII.) having a stifiiciently disoemible granulated 
etnictui*e. Thus Doleschattia possesses a complete medio«discnI 
system of the foi*e-wing : 

Mr.MH.uLGir. m . mr. n. 

But the parts of Mil. in the first and second cells are displaced 
in DoUBchollia towards the base of the wing so as to be situated 
in the geometrical prolongation of tlie outer half of Discalis 11. ; 
moreoyer^ Discalis 11. itself does not appear with suH'cient clear- 
ness in the first cell. Adelpha cytherea L. (PI. IV. fig. 28) oilers in 
this respect a more prototypical picture, where Mil, and 1111. 
behind the discal cell obviously continue in the first one. 

The medio-discal system of the hind -wing is visible in Vanessa 
io ab; Jiaekeri (PI. IV. fig. 25), where between both Mediee (Ml., 
MU.) there is enclosed the discal stripe (DI.), and further on 
there is observed the second Discalis (Dll.) and the small basal 
stripe (B.). The formula is 

MlTmT-"- Df. mi. B. 

The Granulatae absent in Vanessa io ab. fi^cheri are very well 
expressed on the upper side of Cyrestis earli Distant (PI. IV , 
fig. 29), where the complex 

MiTMiruTroii : br. 

has quite a prototypical aspect, except that all these com- 
ponents are less bent than in the prototype. Here, in addition 
to the two halves of Dl. running along each side of the discal 
stripes, there is one more small stripe between thorn, lying 
on the nervures themselves. It is not introduced into the 
prototype, though it occurs also on the fore-wing. I’lie formula 
of the part of Cy^^estis earli considered is 

Ml. Mil. Gi7«Tirbi~ B. 

Ill order to convince oneself of the existence of extradiscal 
parts of the first discal stripe postulated in the prototype, it is 
necessary to dwell on the considerably modified pattern of 
FhyciocUs mylitta Edw. (PI. IV. fig, 30). When we designate each 
pjirt of Disciilis 1.. lying in the given cell, by an arabic numeial 
corresponding to the number of its cell, we shall see, beginning 
from in front, that DI.7 has the aspect of an iiregular cone which 
does not reach the anterior limits of its cell, DI.6 and DI.5 fill 
the bases of their cells, DI.4 is double and bai*s the terminal part 
of the discal cell, D1.3 is absent, DI.2 lies at the base of the 
2tid cell in the shape of an irregular roundish spot, and likewise 
DI.l lies in the anterior part of the 1st cell. Here the last two 
parts (DI.2 and DI.l) are of essential importance, os they have 
not been observed in any of the preceding families. Here, too, 
the situation, hue, and character of the pigmentation of these two 
spots cleai'ly show that they form the |>osterior prolongation of 
DI.4. Thiw consideration justifies the introduction of the post- 
discal parts of the first discal stripe— t. e., of DI (1 . 2 . 3) int6 the 
hind- wing of the prototype. 
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On this ftAme wing (PI. IV. fig. 30) wo see a very well*pronounoed 
Basalis (B.). Purtbermore it must be remarked tbat here 
Granulata 1, has broken at the point where it passes from the 
5th into the 6th cell, and the broken ends have moved far away 
from one another, one of them in a basal, the other in a terminal 
direction. In the 2nd cell, Granulata I. has almost vanished. 

All the Nymphalids treated are without the longitudinal 
components of the wing-pattern. In Phyciodes actinotina (PI. lY. 
fig. 27) the pattern of the under side of both wings, especially 
of the hind-wings, consists chiefly of venous stripes (V.) accom- 
(mnying the wing-nervures and of intcrvenous stripes (I.) running 
between|[them. 'Ilie last part of the formula of this species is 

V. I. 

V. 1. 

By suinniiug up the formulas of the species examined as 
before, we get : — 

Precis ceryne (PI. IV. J5g. 21). 

KI. KlI. Klll.oc (1 . 2 .a ■ | M L Mil. - - Di . DI L U. | - - 

krTKnTKTji.6c(^ 2 “3.4. 6,6. i.c. iViI mu 7- - - | - 

Precis ardiesia (PI. IV. fig. 26). 

or( 7. ). 1 1 

I ' 

Apatura montis (PI. lY. fig. 23). 

! L. 

00(1.2.3.4.6.6.7. ). | | 

Dolesckallia pratipa (PI. IV. fig, 24). 

I MI.MJl.Ol.GU. 1)1. DIJ. H. i 


Va^iessa io nh.Jischeri (PJ. IV. fig. 25), 


I MI. MU. - ~ Dl. on. B. I 


Gyrestis earli (PI. IV. fig. 29). 

I 


MI. MU. 01. Oil. 01. - B. I 


Phyciodes actinotina (PI. lY. fig. 27). 


1 


|\M 
I V.I. 


NYMraAUDAB. 

El. Ell, mn. PC g . s . S . 4 . 6 . 6 . 7 . 8 .). U. I MX. MI 1. 01. GU. 01. oil. B. | V. 1. 
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The Bummed-up fomula of the family of Nymphalids does not 
dider from the formula of the prototype — Le*, all the components 
of the latter are present in Nymphalids. So in them, for tiie 
first time, we meet with a complete loalization of the prototype. 

IV. OONOLUSIONS. 

We have seen that in the four families examined the pi'ototype 
is realized either for the greater part or completely. What is the 
significance of it? 1 feel bound to repeat in this place that 
I entirely abstain from attempting to draw any phylogenetic 
inferences. The prototype being an abstract schema represents a 
purely methodological contrivance. Its whole pui’port consists in 
enabling us by means of it to find out the common characters 
smttered among the immense variety of patterns belonging to 
the families referred to. If we have, indeed, succeeded in finding 
these common characters, and in this way come nearer to the 
knowledge of the ground-plan of the wing-pattern, the prototype 
has a sufficient right to existence. I am, however, convinced that, 
even if all or the greater part of the homologies demonstrated 
above be correct, the prototype is nevertheless no more than a 
fii’st approach to the solution of the question in which we are 
interested, and after further investigation will indubitably 
undergo alterations. 

To what extent is the plan of pattern here treated common 
to Rhopalocera ? Excluding Hesperidie, which stand apait, ami 
counting up the number of genera in Stand iiiger’s ‘ Kxotische 
Schmetterlinge ^ we get for the whole of the Rhopalocera a 
total of 485. Out of this, 218 genera fall to the families 
Satyridie, Morph ida^, Brus-solidte, and Nymphalidas, and to the 
other nine families 215 genera. Accordingly our four families 
include nearly half of all the genera of Rhopalocera. In 
our case it is the geneia and not the species that are more 
important, as the genera in their pattern aie very often homo- 
morphous. It is sufficient to point to the genus Argynnis^ in 
which many dozens of species have essentially the same pattern. 
Therefore we have some right to declare that more than half 
the Rhopalocera, s. str., have a considerable number of features 
common to their designs. But Rhopalocera foim one of the 
largest groups of the whole order of Lepidoptera. 

As for the remaining families, some of them are indubitably 
connected with our prototype. Already Eimerf baa shown that 
in the Nymphalid genus Phyciodea designs arise peculiar to the 
family of Helioonidas. The material of the Zoological Museum 
has enabled me to confirm the correctness of this statement, 
fn the same genus there are patterns veiy nearly approaching 
those of the American Acrteid Aotinote^ which is indicated by 
the name of Phydodaa oGiinotina, represented by fig. 27 (PI. IV.). 
Therefore it is Omissible to suppose that in reg^ to the patten 

* O. Standingor k £. Sebatz, * Bxotische Schmstterlitig#/ 1866-1602. 

+ * Chrtfaogenetis/ p. 106 . • 
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the families of Helicon ide and Acneidse stand in an immediate 
relation to the prototype. This is quite natural^ considering 
the systematic relation in which both of them stand to the 
Nymphalids* A partial realization of the prototype indubitably 
takes place also in the remaining families of Rhopalocera, 
which are mentioned by Htaudinger and Schatz (Papilionidse, 
Pieridffi, Danaidm, NeotropidsB, LycaBnide, Libytheidse, and 
Erycinidsa). Without much difficulty among these families there 
can be found species with well-developed venous and intervenous 
stripes, or only venous stripes. This has been pointed out by 
Eimer**, who considers such designs as a special Faechertypus.” 
Universally known, too, are the spots on the discal nervures 
of a great number of butterflies, apparently corresponding to 
Discalis 1. of our prototype. These spots are found also in 
Heterocera. The transverse stripes of the Papilionidas and 
other families have served as a starting-point to the work of 
Eiiner. Dixey has treated i^hem elaborately in the family of 
Pieridst; KusnezovJ: gives his own schema of them, stai-ting 
with 22 stripes, the. maximum number observed by him. 
Only a special investigation can show whether these stripes 
correspond to our pi-ototype, or that the plan of their disposition 
is a different one. 

If we have come to the conclusion that the pattern of the 
families of SatyridflD, Morphidse, Brassolid», Nymphalidie, and also 
the Heliconidffi and probably Acrmidte are united by a certain 
plan they have in common, then there arises the question, 
whether the great variety of patterns we observe in these families 
is connected with this plan. This question 1 hope to consider in 
a subsequent paper. 

SUMMABY. 

(1) A prototype (schema) of the wing-pattern is constructed 
(PI. 1. fig. 1), which is intended as a ground-plan of the pattern 
in the families SatyridsB, Morphid», Brassolidce, and KymphalidsB. 

(2) The pi*ototype is composed of a number of dark stripes and 
spots, which are designated by corresponding terms. The formula 
of the pattern may 1^ obtained by writing together the indices of 
these terms. 

(3) The prototype is realized only partially in existing patterns ; 
the formulaa of the latter are incomplete. 

(4) In each of the families mentioned a series of patterns may 
be found which complement each other, and in this way it may 
be shown that a family realizes the prototype with sufficient 
completeness. In summing up the incomplete zormulsB of existing 
patterns we obtain a more or less complete formula of the family. 

(5) The general aigniflcanoe of the prototype is strengthen^ 
by the fact that about a half of the Bhopalocei^ous (s.str.) genera 
(excl. Hesperidfls) belon|i: to the four families studied. 

(6) A partial realisamon of the same prototype takes place in 
other families of Lepidoptera. 

a 

• 'OrthogetiMis/ p. 178. t L, <». 1S04, X L, e, 

35 » 
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EXPLANATION OP THE PLATES. 


PliATJB I. 


Fig. 1. The ficUeina or protot^'po of the wiug-pattern of Nyinphalidi and certain 
other allied families of Khopalocerous Lepidoptera. 


Key to the Lettering : — 


B. — Baaalifi. 

C. — Circulns. 

DI. — Discalis I. 
Dll. — Discalis II. 
Kl. — Kxteriia I. 
Icn.— Externa II. 
Kill.— Externa III 
Gl. — Granulata I. 
GIl. — Grannlata II, 


I. — Intervenosa. 

MI.— Media I. 

MIL— Median. 

OC. — Occllata (eye-spot). For 
another designation oi 
eye-spots, see below, 
r.-- Umbra. 

V. — Venosu. 

•-See page 620. 


'riie urabic ciphers designate nuiubers of border cells. 

The ring encircling the arable cipher designates the prei^cDce of an e.>e-»j)ot in a 
given border cell. 


The remaining figures except fig. 6 are made with a drawing camera fioni the 
specimens of the Zoological Museum of the Kussian Academy of Sciences at 
Petrograd, and represent the under .sides of wings or parts of them except figs. 11 
and 29. 

Figs. 2~6 represent a realization of the prototype of the wing-pattern in Katynds 
For lettering and general explanation, see fig. 1. 2, sp. ; 8, 

go$ch1c€viUchu Men. j 4, AnadehU hhnarhala Moore; 6, Lymanopt>dtt 
aermida Btir. from Seitz’s Grossschroett. d. Krde, Bd. v. pi. 52 6, 


Platb II. 

Figs. represent a realization of the prototype of the uing-pattern in Sat.uid'^ 
(eont.). For lettering and general explaimtion, see fig. 1. (f, Uycahst» 

vi$ala Moore; 7, Neope $imulani Leech ; 8, Neope Np. 

Figs. 9-12 represent a realization of the prototype of the wing-pattern in Morphidh. 
For lettering and general explanation, see fig. 1. 9, Morpho perseua Cram. ; 
10, Morpho tpUtrophU Hb. ; 11, Morpho ago Hb. (iipi)er nmIc); 12, Morpho 
nareii$u$ Stgr. 

PI.AT* 111. 

Figs. 13-14 represent a realization of the prototype of the wing-pattern in Morphids 
(cois^.). For lettering and general explanation, see fig. 1. 18, Morpho 

tulhotoihgi Koll. ; 14, Morpho anaribia Esp. 

Figs. 16-20 represent a realization of the prototype of the vidng-i)atteni in Brassolids. 
For lettering and general explanation, see fig. 1. 15, Opoptera aeadina Latr. ; 
16 & 17, Op 9 iphane$ Invira Hfibn. ; 18, Oaligo prometout Koll, ; 19, Cato- 
hlepia hereeynthut Oram. ; 20, Pewe^e# pamphanio Doubl. Hew. 

Flats IY« 

Figs. 21--80 represent a realization of the prototype of the wiug-p*ttem in 
Nympbalids. For lettering and general explanation, see fig. 1. 21, Preeie 
eergno B, ; 22, Preeie amee^m Dm. ; 28, Apatnra momtis Kdw. ; 24, Do/e- 
oehalUa pratipa Feld- ; 26, Vans§$a io ^.JUeheri ; 26, JProoio oroiUtto Oram.; 
27, FhgeMw aeHmtHma; 28, Adolpka cgthoroa L.; 29, CS|ffee#fe rotH 
Dielaiit (upper side) ; 80, Phgoiod§§ mgliUa Bdw. ^ 
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22. On a New Species of the Cesiodarian Genus Caryo^ 
phylUeiis from an Egyptian Siluroid. By W. N. P„ 
Woodland, D.Sc. (London), F.Z.S., Wellcome Bureau 
of Scientific Research. 

[Received Febniary 14-, 192i ; Read April 1, 1924.,': 

(Text-figures 1-4.) 

Only one species of CaryophyUctus has been described hitbeHo 
from a Siliiiroid fish {AucJi^eihoglania occidehtalia from the Anglo- 
Egyptian Sudan), and this was represented by a single im- 
mature specimen. Subseqxient to the publication of my brief 
description of this form (Woodland, 1923) I discovered among 
the material collected by the late Dr. A. J. Chalmers, when 
Director of the Wellcome Tropical Research Laboratories at 
Khartoum, and kindly presented to the Wellcome Bureau by his 
successor, Major R. (3, Archibald, several specimens of another 
new species of Caryophyllwua from another Siluroid, and the 
description of this form is the subject of the present communi- 
cation. The new species is very similar in general organization 
to ( faryophyUoaua filiformia from Aformynia caachive (Wood- 
land, 1923), but it is worth describing, not only t^ecause it is a 
new species of an important genus, but because it illustrates the 
futility of regarding the character of the head as of generic value, 
and affords additional evidence for establishing the definitions 
of the genera Wenyonia and Caryophylloius on a broad basis. 

CARyoPHYLL.F.iJS CHALMERSius, sp. nov. Woodlaiid, 1924. 

Of this species 1 possess only two whole specimens, two 
anterior ends and one posterior end, and over a hundred 
transverse sections. This parasite was found in the Nile Siluroid 
(Jlariaa anguilla^da at Khartoum, and I propose to name it after 
Dr, Clialmei’s. The longer specimen (uncontracted) measured 
19 mm. in length, with a maximum breadth (as mounted and 
possibly somewhat flattened on the slide) towards the hind end 
of the body of 1*6 mm. ; the shorter specimen (extremely 
contracted) measured 8 mm. in lengtL and 1*4 mm. in maximum 
breadth. I have already stated that C, chcUmeraim is very 
similar in general structure to C. filifcrmia (including the 
characteristic absence of post-ovarian vitellaria), and it only 
<iiffers to a marked degree in the possession of a head which; 
curiously enough, very closely resembles that whiou I have 
prevtouily described for Wmyania frirUia, Like the head of 
W. viriUaig the head of C, chc^lmer$i^9 is relatively short (the head 
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Text-figures 1-4. 

Rrferene^ Letttrs, 

CO, cirroft ap«rtare ; KXCV, exoretor^^ vessel ; ILMUS, iiiteriMii liijrfr ol loud* 
tudinal muscles; lOV, isthmus of ovary; N, nerve; OV, ovary; SBCTi m* 
cuticttla; SCLMUS, outer layer of longitudinal muscle-dbm; shill* 

gland; TES, testes; TEXB, terminal excretory bladder; ITT, utema; VAO, 
vagina; VIT, vitellaria; VUO, vagiiio*uterme opening. 

N.B. — The magniiicatioiia given are those at which the figures were drawn. The 
5-cm. scale provided shows, when compareil with an actual ftema., the 
amount of reduction which has occurred in re]>rodncing the figures. 



Car$f 0 j)kyll 0 tit chalmer$iv§. 

Fig. 1 (X 2) : the two entire specimens as mounted on slides. 

Fig. 2, o, 6, c (X 24) j three heads, showing the longitudinal grooves and terminal 
depression. Fig. 2 c is much contracted. Figs. 2 a and 2 e repmeat 
the heads of my two entire speoimens. The anterior vitstUria 
are shown. 

Fig. 8 (X 26) s the hind extremity of the contracted specimen, showing the chief 
organs. It it noticeable that the ooils of tlte uterus extend both 
anteriorly to the genital openings and posteriorly to the shdl-gland. ' 

Fig. 4 (X 78} t transverse section acrosa the middle of the testienlar region. 
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0 ! iQy itiiiStii iliicontra^ 19mm. specimen ineasared about 
Bwmn contracted 8 mm. specimen), is stout 

and m^seuto and very contractile, and its surface is marked by 
aiotilar deep longitudinal permanent grooves lined by thick 
ottli<jle ; it alee often possesses a terminal cup’shaped depression 
(ef vftfjritif eieab and in some conditions a “ base is visible, as 
ilidieated by a dark circular band, the head then assuming to 
Mmont^titthe phalliform ap[>earance which is so characteristic 
of ITefigmtie virHis. . I could detect no trace of “ faserzellen- 
stringe.** The bead of C. chalniersim thus differs greatly from 
that of the head of this latter species being very 

hMif thfai, only slightly contractile, devoid of longitudinal 
grooves, a&d possessing faserzellenstrange.’* In brief, C, 
cAobnemiif can suoeinctly be described as possessing the body 
of C. JUiformia with a head resembling that of W. virilis 
attaehed. 

Bty transverse sections across the testicular region t of 
C. ehal$n$rmu$ chiefly differ from those of C. Jilifor/nis in being 
much flatter (the breadth being at least 4 times the depth, 
whereas in C. fiUfotmis the breadth is at most 2*5 times the 
d^th) ; and this may not be due merely to difference of con- 
tr^ioQ, as is shown by the muscle layers being in the same 
condition in many of the sections obtained from both species, 
and by the fact that in the hind testis region of C. filiformis the 
testes MW usually arranged in tw^o layers, upper and lower. 
These transverse sections also show, in one more instance, the 
distiuotive features of the genus Caryophyllceus, viz. the annular 
ai’ningement dP the vitellaria around the testes and the presence 
of an outer subcuticular and an inner epi>medullary layer of 
longitudinal muscles; and these two characters are probably 
hofM Jide ones in formally distinguishing Caryophyllasm from 
Weny&nia^ the species of which latter genus only possess 
marginal stiunds of vitellaria and a single layer of longitudinal 
muscles. 

Another feature which I have clearly observed in C, dixdmardm 
is that for a consideiable distance anterior to the genital 
apertures there are ten large longitudinal excretory channels, 
and this is doubtless also the case in 0, filiformis. 

The eggs of 0. chalmersius measure (in balsam) 51*24-54*9 
microns in length and 32*2-32*9 microns in breadth, and are 

• On re-txamming my ipecimenfi of C.flifhrtnis I find i-eason to btdieve that 
in ftU ill# oases in which I described (Woodland, 1923) the heads as bein;? short 
the sraoimens are damaged. My previous figures (26 e and 26 d) are therefoi*e 
mlalMittg. 

t I should here like to call attention to a mistake made in the drawing of 
in my n^revions paper. In 6g. 26 the refei*eiice letters TBS point to 
irhat are obviously vitellaria overlying the larger testes, whicli are not shown in the 
drawmg (^. fig. 28). The clear space separating the central from the marginal 
ritelliria (whion actually does not exiet) represents, of course, the space between the 
outer boundary of the underlying testis mass and the superimposed vitellana at 
the edge of the body. 
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therefore slightly smaller than the eggs of most species of 
CaryophyUcma, though larger than those of W$nyonm species. 

The species Caryophyllmm duxhnsrsiua may thus 1^ defined 
as follows : — 

The body measures about 8-10 mm. in length, with a 
maximum breadth of about 1*6 mm., and tapers slightly 
anteriorly when distended. The body is flatter than in 
<7. JUifinrmis and is very contractile, but in the general 
organization closely resembles that of C. JUiformis* The 
head closely resembles that of Wenyonia viriUa. The cirrus 
aperture is distinctly separated from the vagino-uterine 
aperture (t. e. not contiguous), and post-ovarian vitellaria 
are entirely absent. Eggs (in balsam) measure 51*2-64*9 x 
32*2-,32'9 microns. Parasitic in the intestine of Clariae 
anguiUaria (Siluridsa), Anglo-Egyptian Sudan, 

Both C. chalmersiua and the immature form previously 
described by me from Auchenoglanu oocidentalu agree with 
C, JUiformis (from Mormyrus caschive) in the absence of post- 
ovarian vitellaria, and thus all three (all from the same loc^ity) 
differ in this respect from all other previously- described species 
of Caryophyllofus. 

I would also add that in the formal definitions of Catyophyllctm 
and Wenyonia supplied in my previous paper I would include 
the further two distinctions above noted (annular arrangement 
of vitellaria and the two layers of longitudinal muscles). 

In conclusion I should like to express my thanks to Dr. H. A. 
Baylis for his kindness in reading this paper before the Society 
and correcting the proofs during my absence from England. 

Literature Beferenee, 

Woodland, W. N. F. — **On some remarkable new Forms of 
OaryophyllsBidie from the Anglo- Egyptian Sudan, and a 
Revision of the Families of the Cestodana.’’ Quart. 
Joum. Microsc. Hcience, vol. Ixvii. p. 435 (1923). 
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23. Note on an Icbtbyosanrian Paddle showing Traces of Soft 
Tinoes. By C. W. Andrews, D.Sc., F.R.S., F.Z.S., 
British Maseum (Natural II istory) . 

(Published by the permission of the Trustee.^.) 

[Received February 6, 1924 : Read March 4, 1924.] 

(Plate I.* ; text-figures 1, 2.) 

The ocoaatonai preservation of portions of the integument of 
esjpecially round the fins, has long been known. 
Buckland ( 1 ) eo long ago as 1836 described and figured some 
portions or the skin from a specimen from Barrow-on-Hoar, 
preserved in the Oxford Museum. In J841 Owen (8) described 
and figured a hind paddle with well-preserved traces of the 
fringing fin, and this specimen was also referred to by Man tell (7). 
Another very well-preserved specimen of the front paddle was 
described and figured by Lydekker (6). These specimens will be 
further noticed below. E. Fraas (2-4) has given a very detailed 
account of the skin and fin border in a species of Ichtkyaaaunis 
from Holsmaden in Wiirtemberg, but his interpi-etation of the 
structures seen is not accepted by Keis (9), who considers that the 
cutis, epidermis, and scales of Fraas are actually portions of 
muscular tissues. 

In the wesent paper I propose 1x> give a short account of a 
specimen (U.M. B. 4550) from the Lower Lias of Barrow-on-Soar 
collected by Mr. 8. L. Wood, and presented by him to the British 
Museum in 1917 ; together with some further account of the 
specimens described by Owen and Lydekker. 

Mr. Wood’s specimen consists of two slabs of rock, the larger 
of which bears some anterior ribs, the upper portion of the 
scapula together with the impression of the lower end, the 
humerus, split parallel to the surface of the slab, and a gieat part 
of the rei^ of the paddle in which most of the bones are represented 
only by the impressions of their surface. J udging from the scapula 
the limb is probably looked at from its inner aspect, so that the 
im pr e ss ions of the paddle bones and the remains of the soft parts 
bemg to the outer (upper) face of the paddle. Unfortunately 
the anterior border of the paddle is incomplete, but posteriorly 
trmees of the fringing fin are preserved. The distal portion of 
the paddle is shown on the smaller slab, which forms the 
oentiiiuation of the counterpart of the larger one : on it ten or 
eleven of the distal paddle bones are preserved, becoming very 
smatt and widely spaced towards the lower angle which, 
imfiirtanately, is not completely preserved. On this fragment 


* Far ex^laiistian of th« PUte, see p. 637. 
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the structure of both the anterior and posterior fringing fin is 
shown, but neither is complete up to its margin. 

On the larger slab traces of soft tissues are oompartitively 
scanty. Behind the upper end of the humerus in the t^llaiy 
region, there is an area of finely wrinkled skin travei.'fi^ or 
underlain by bundles of whitish fibres which are prestiinably 
muscle-fibros : these run for the most part nearly parallel to the 
axis of the fin, but not in all cases. Opposite the posterior 
border of the carpal region there is also a patch of well-preserved 
skin, but the largest area is found fringing and overlapping the 
posterior border of the most distal part of the peddle preserved 

Text-figure 1 . 



Diagi'am of an Ichthyosaur fin, showing tho poaition of the areat 
figured in the Plate. 

in this slab. The skin is here thrown into innumerable fine 
wrinkles and can be seen extending in between the postaxial 
rim of ossicles. The wrinkles run in a direction generally 
parallel to the long axis of the paddle, and unite frequently with 
one another. In places, especially towards the posterior border, 
bundles of muscle-fibres can be seen radiating in a general 
direction at right angles to the axis of the fin. The arrangement 
and structure of these muscle-bundles are much better shown in 
Lydekker’s specimen, which will be referred to below. 

It is on the smaller slab, bearing the distal portion of ^e 
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pftddley that the most interesting structures are seen (P). 1, 5g. 1). 
Herei as on the large slab, there is a broadly expanded posterior 
fin represented by a wide area of finely wrinkled skin which is 
marked by numerous patches of black pigment, many in the form 
of small rings about 5 or 6 mm. across ; these may indicate that 
the integument was spotted in this region. In many places 
bands of muscle-fibres can be seen running in various directions. 

The most remarkable structure is that seen on the front 
border of the fin (PI. I. fig. 2). Here, running out about at 
right angles to the axis of the fin, there is a series of straight 
rod-like rays separated by intervals of 2 mm. These rods wheti 
not obscured by fragments of the wrinkled skin are qxiite 


Text-figure 2. 



Diagraju the arrRnj|;euient of the rods and fibres figured in 

Fig. 2 of Plate. 


definite structures ; they sometimes seem to be formed by the 
fusion of several thinner rods, and although often broken up into 
short lengths, do not seem to have been definitely segmented. 
From the proximal border of each rod a series of fibres, 
presumably muscular, curve outward and upward to the distal 
border of the next rod higher up, so that the border of the fin 
appears to be divided into narrow areas, disposed at right angles 
to the axis of the fin and crovssetl by curved bundles of fibres, 
which sometimes appear to bifurcate. The rods themselves^ are 
continued on to the central portions of the pa<ldle, and in a 
few oases they seem to have extended into the posterior fin. 

Similar rod-like structures are described and figured by Owen, 
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who seems to Imve regarded them as marking the divisions 
between scales. Fraas dso described similar structures which he 
likewise regarded as scales, an opinion from which Reis ( 9 ) 
dissents. The appearance of the specimen now figured seems to 
point to the presence of a series of muscular bundles separated 
by definite rods, which may be formed by the hardening of the 
connective tissue between the successive bundles into calcified 
or horn-liko substance. The substance of which the rays 
are now formed seems to be probably some form of lime 
]>hosphate and appears similar to that replacing the muscle- 
fibres themselves. So far as I am aware, no instance of such rays 
has been recorded in other Reptilia, and I have not been able to 
find any comparable structure. 

The specimen (R. 1664), also from Barro\v-on-Soar, described 
by Lydekker, differs considerably from that now de«icribed. The 
parts preserved are a considerable portion of the thoracic and 
cervical regions, the left shoulder-girdle, and the proximal half 
of the fin split in the plane of the anterior and posterior fringing 
fin. This specimen is remarkable for the considerable extent to 
which the soft pai*ts are preserved. Thus, between most of the 
ribs are masses of muscle-tissue, the fibres of which, for the most 
part, run obliquely down from the posterior border of one rib to 
the front of the next behind. In some places areas of wrinkled 
skin are preserved, llie fringing fin of the paddle is very well 
preserved both in front and behind ; the posterior lobe is about 
2*5 cm. wide, the anterior about 1 cm. This anterior fin has a 
very sharply-defined anterior border, and its outline rmi;T nearly 
parallel to the edge of the skeletal base: it is widest opposite 
the distal end of the humerus. In it considerable areas of 
muscle-fibres can be seen, for the most part running nearly 
directly outward to the anterior edge. In some regions the 
areas of soft tissue are divided up into small irregular partitions ; 
these were regarded by Lydekker as indicating the presence 
of scales, but more probably they represented the broken ends 
of bundles of muscular fibres, there being no evidence of the 
existence of scales, and there is no trace of the division of the 
muscle into bands by parallel rods as described above, but this 
structure may have been confined to the distal end of the, fin, 
here missing. 

On the postenor side of the paddle, where the fin is much 
wider, it seems to have been supported by numerous bands of 
muscle-fibre running straight out from the skeletal base to the 
margin of the fin. The fibres of each bundle tend to converge 
towards the outer end, sloping outwards and towrards the distal 
end of the fin. In the rod-bearing areas of the new fin described 
above the fibres slope outward and towards the proximal end of 
the fin. At their inner end the bundles are in contact, but as 
the fibres converge they become separated by a widening interval. 
Towards its outer end each bundle .foi’ras a narrow band, which 
at the actual margin seems to widen out and turn down along Ae 
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edge of the fin, forming with its fellows a more or less continuous 
l)ordei*. There is no trace of the bifunjating rays of cartilaginous 
or albuminous horn-like substance described by Owen, although 
1 have been unable to see them in his specimen, and his figure 
seems to be somewhat misleading. 
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EXPLANATION OF THE PLATE. 

Fringe of an Ichtliyossur Fin. Lower Lias, Iknow-on-Soar, 
Leicestershire. 

Fig. 1. Posterior border of fin showing wrinkled skm and bands of muscle-fibres 
(see key plan, text-fig. 1). 

Fig. 2, Anterior border of fringing fin showing the raj's and connecting fibres 
(see key plan, text-fig. 2). 

Both figures magnified about six times. 
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24. Agrostickthys^ a new genus of Ribbon Fishes, 

By W. J. Phtllipps, F.L.S., F.R.G.S.^ 

[R«c«ived January 14, 1024 : Read March 18, 1924.] 
(Text-tigiire« 1 <k 2.) 

A Ribbon Fish with the aiTaiigeiiient of the bones of the head 
showing considerable affinity to Trat^iypterus^ and a body of the 
shape typified by Hegakcua^ but more elongate, was secured at 
Island Bay, Wellington, N.Z., in July 1921. It was later found 
to be identical with the fish described and figured by Benhani 
(Ti'ans. N.Z. Inst, xxxvi. p. 198, pi. ix., 1904) as Regahcue 
pmrkeri* 

Agbostichthys, gen. nov. 

Body enormously elongated to 22^ times length of head ; 
nearly 42 times greatest depth an<l 45 times depth at vent ; 390 
to 525 dorsal fin rays ; teeth on head of vomer and on lower jaw ; 
ventral reduced to single filament or marked by a minute 
depression if absent. Operculum extended downwards and 

Text-figure 1. 



Pilots) IT, ITHmilton, 

Afjrostichthfffi parkeri Bcnliain. (Arrow iuark*< jHwition of aims.) 

backwanls with suboperculuiii below it ; maxillary plate longer 
than deep ; upper profile of head slightly convex ; mouth 
protractile to | length of head. 

The following key will serve to differentiate the three families 
of Aliotriognathi represented in New’ Zealand seas • 

Length 8 to 12 times heiglit ; lateral line descending 
little below midway on aide of body; ventrals 
present normally ; eye large ; teeth on vomer and 
both jaws ; maxillary plate deeper than long T ii u ii v rx h r i n jj . 

Length 12 to 80 times height : lateral line descending 
to within i of height from ventral surface; 
venirals represented by a single filament; eye 
small ; teetti wanting; maxillary plate deeper than 

long .... |{K«A1.KCIT)H. 

Length over 80 times height ; lateral line descending 
to within i of height of body firom ventral surface; 
ventrals if present represents by a single filament ; 
eye large ; teeth on vomer and lower jaw ; maxillary 
plate longer than deep Ageosticiitiividjs. 


• C^fnmunieated by W. B. B, Oxxvxn, F.L.6., F.Z.S. 
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Ayrosiichthya parkeri is among the most strikingly attenuate 
fishes yet knoM^n from the ocean depths* The total length of the 
type was 46 in., while the greatest height was only 0*76 in* 
When fresh the Island Bay specimen was approximately 9 ft. in 
length, and in. high along the greater part of the anterior 
portion of the body. The lateral line is a raised tubulai* 
structure originating above the upper edge of the operculum at a 

Text-figure 2. 



Photo. H. Ilfimilton. 

Head of Agrostichthya parh»ri Eenliain. } iiat. size. 

point almost in line with the upper margin of the eye, and 
running downward towards the ventral surface and continuing 
along total length. The whole of the body is covered with a 
thick coating of minute silvery specks, each consisting of large 
numbers of minute crystalline prisms. Colour is slightly darker 
on the dorsal surface. Fins are bright scarlet. 






P. 2. S, I924-, HARMER, PI. I. 
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25. On Mesoplodou jind other Heiiked Wliiilos. By Sir 
SiDNKY F. Haumeii, K.B.R., Sc.l)., V.P.U.S., 
F.Z.S.^ % 

[Koceivcd February 29, 1924 : Head May 20, 1924.] 

(Plates I~1V. t; text-figures 1-3.) 

CONTKMS. 
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Literature .... 685 

Explanation of the Plates .. 687 

The Whales helonging to the geiitis Mesoplodou are in certain 
respects aiiiotig the lea.st known of the Cetacea. Tliey are ]>re- 
suinably Oceanic forms, which from time to time become stranded 
on various coasts, but little has been ascertained of their mode of 
life or of their centres of distribution. Most of the species aio 
represented by individuals which have been found singly, but 
there is evidence that they may occur in schools, as shown by the 
stranding of about 25 specimens of J/. yrayi on the Chatham 
Islands in 1875 (Oliver, 1922, p. 572). While certain species, 
such as M, doisirostris, have a distribution extending beyond the 
limits of a single Ocean, others, snch as M^hidens in the Atlantic 
and M, (jrayi in the Southern seas, seem to be more limited in 
their range, and so far as is known do not cross the Equator. 

J/. bidens and M, grayi have been recorded on a considei’nhle 
number of occasions, but the remainder of the species are larer 
in collections. The British Museum has recently had the good 
fortune to acquire examples of two of the rarest, mints and 
M- densirostrisj which form the special subject of the presen i 
paper. 


^ Published by perm is si on of the Tru'stoes of the Iliitisb Museum, 
t For o.vpbiiiation ol the Plates, sec p. 587. 

pROC. ZooL. Soc. — 1924, No. XXXVI. 3C 
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The known recent species of M^soplodon appear to be nine in 
number, 

1. M, (Sowerby), 1804. 

2. M, denairoatris (de Blainville), 1817. 

3. M. earopceua (Gervais), 1848-1852. 

4. M. layardi (Gray), 1865. 

6. hectori (Gray), 1871. 

6. M, grayi (von Haast), 1876 (Syn. M, arntrcdia and 

M, haasii Flower, 1878). 

7. M, Btfjmgeri True, 1886. 

8. M, howdoini R. C. Andrews, 1908. 

9. M, mirua True, 1913. 

For 1, 3, and 7 in the above list, reference should be made 
specially to the important Memoir by True (1910); for 5 and 6 
to Flower (1878^ ; for 4 to Owen (1870-1889), Van Benuden and 
Gervais (1868-1879), and Turner (1880); and for 8 to Andrews 
( 1 908) and Oliver (1922). The synonymy of the other two species 
is given below. Kukenthal (1914, pp. 119-122) has given a useful 
bibliography of Mesoplodoii^ and Forbes (1893) has described the 
remarkable alterations which take place in the ossification of the 
rostrum during growth. It seems unnecessary to discuss the 
numerous generic names which have been proposed for species of 
tliis genus. The subject has been summarized by Flower (1872, 
pp. 208, 209, Note 3), and I follow him in accepting Meaoplodon 
Gervais, 1850, with M. sowerhienais de Blainville {^Physeier 
hidena Sowerby, 1804) as the type-species. 

The principal cranial characters which were relied on by Flower 
(1878, pp. 417, 418) in distinguishing the species of Maaoplodon 
were ; — 

{a) The presence, in certain species, of a deep longitudinal 
groove running along each side of the rostrum, coniinencing 
* in a blind pit below the maxillary tubercle, and bounded 

above and below by prominent ridges. 

(h) The relative positions of the foramina for the exit of the 
facial branches of the second division of the fifth nerve, 
visible on the dorsal side of the skull. 

(c) The occasional occurrence of a row of small teeth in the 

upi)er jaw. 

(d) The position of the large mandibular teeth. 

(e) The form of the siuue teeth. 

The structure described by Flower under (a) was termed by 
him the basirostral groove,” and although he was not explicit 
on the subject it clearly represents the dentary groove of the 
upper jaw. From the researches of Abel (1905^, 1905*) and 
othei-s it seems probable tljat the earlier representatives of the 
ZiphiidfiB were provided with a long series of teeth in both the 
upper and lower jaws. In existing members of the family the 
upper teeth have disappeared, except for ilie occasional presence 
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of vestigial teeth. It is noteworthy that in M. graijiy in which 
the bnsirostml or dentary groove is better develoj ed than in any 
other species, the upper jaw may be provided with a series of 
small teetlj, situated near the luiddle ot the rofttrum {cf» Flower, 
1878, pi, Ixxii, lig, 2), It is not certain that these a(*e always 
present, but Oliver (1922, pp. 572, 573) has described 17-19 teeth 
on each side in three specimens from the Chatham Islands and 
in one from New Zealand, Similar vestigial teeth liave often 
been found in M, hidens and in other Ziphioids. 

The only other species in which the dentary » groove of the 
upper jaw remains distinct is M, layardu Flower and others 
have stated that it is well developed in M. densiroatris ; but, 
although represented in this species, it can hardly be regarded as 
more than a vestigial structure. 

It appears to me that sufficient attention has not been paid to 
the form of the base of the rostrum in distinguishing the species 
of Mesoplodon^ although the proportions of the parts in question 
are variable and probably alter with age. At the antorbital 
notches, situated immediately in front of the orbits, the maxillro 
are of considerable breadth ; and, in accordance with the usual 
custom, the rostrum must be considered to commence at the 
notches, wliich are bounded on their median sides by the 
maxillary tubercles. Here the rostrum commonly contracts sud- 
denly in width, and is often separated from the tubercles by a 
second sinus, w'hich may be desciibed as the inner notch. This 
does not occur in the genera Berardius^ Ziphiua^ and Hyperoodon, 
I'lie rostrum consists, in Meaojdodon^ of the principal narrower 
portion, commencing at the inner notches, and of a broader basal 
portion, of relatively small extent. The dorsal maxillary 
tuberosities, which iu the other genera rep^e^ent the posterior 
ends of the great maxillary crests of Hyperoodon^ extend in 
Mesoplodon into the maxillary tubercles. 

In M, layardi the basal section of the rostrum is Ijnrdly repre- 
sented. As seen in dorsal view (Brit. Mus. 69.4.5.2, skull- 
length 1090 mrn., but the tip of the rostrum not quite complete *), 
the anterior edge of the cranial part of tlio skull is almost trans- 
verse, but shows two sinuses or bays on each side of the middle 
line. The antorbital notch, the outer of these tuo, is tlie longer 
in a transverse direction, and is bounded externally by the ant- 
orbital tubercle. In the skull under consideration, a line joining 
the tips of the two antorbittd tubercles of opposite sides passes 
completely in front of the whole of the region which represents 
the basal portion of the rostrum; and the slight maxillary 
tubercles, which limit the antorbital notch on tlie inner side, do 
not reach this line (Owen, 1870-1889, pi. i. fig. 2). It should be 
noted that this predominance of the antorbital tubercles occurs 

* This is tho specimen described by Owen (.1870-1889, pp. 12, 26, with figures of 
the skull, pi. i. figs. 1-0). 


36 * 
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on the right Ride only in the young skull (length 25 in. « 635 mm.) 
figured by Turner (1880, pi. i. fig. 2). The well- developed busi- 
rostral groove commences in the maxillary tubercle and inner 
notch. Maxillary tuberosities are wanting, and there are no 
lateral maxillary fianges of the kind so obvious in J/. bidens and 
certain other species. 

In M. bowdoini also, as shown by the figures of Andrews (1908, 
pi. xiii.) and 01iver(1922, pi. iii.),the anteiior edge of the cranial 
portion of the skull is nearly transverse, and as the two notches 
of each side are nearly at the same level the basal portion of the 
rostrum has hardly any length. The maxillary tuberosities are 
large, and the maxillary tubercle is stiong, passing in front of 
the line joining the antorbital tubercles. 

M* denairostris (PI. I. fig. 1) is in marked contrast with lx)th 
these two species. The shallow antorbital notclies are followed 
by a long basal portion of the rostrum *, ending rather suddenly 
without forming strong maxiliai*y tuberosities, and separated 
from the narrow part of the beak by shallow inner notches. 

I'he other species are for the most part intermediate between 
these two extremes. In M, grayi (Flower, 1878, pi. Ixxi. tigs. 1- 
3) and etejnegeri (True, 1910, pi. vi.) the basal portion of the 
rostrum is long, the inner notches are shallow, and owing to the 
small development of the antorbital tubercles the antorbital 
notches are not of the typical form. In M, hectori the broadened 
base is distinct t, the inner notches are barely represented, and 
the antorbital notches are definite bays. In europmcs (True, 
1910, pi. ii. fig. 1) the basal region of the rostrum is shoiter, wdtli 
strong maxillary tuberosities, shallow inner notches, and deep 
antorbital notches. In M, mirua (PJ. I. fig. 2) the charactei-s are 
much the same, but the basal portion of the rostrum is still 
shorter, and the maxillary tubercles hardly extend in advance of 
the antorbital tubercles, which are larger than in 3/. europmLa. 
In M. hidena (True, 1910, pi. i. fig. 1) the bn^al portion of the 
rostrum is short, the inner notches slight, tlie maxillary tubercles 
inconspicuous, the antorbital notches moderate, limited extern- 
ally by small antorbital tubercles. Maxillary tuberosities are 
hardly indicated. 

The form of the narrow part of the rostrum also difiEers 
according to the species. In M, grayi and M, denairoatris (Pi. I, 
fig. 1), for instance, it is narrow, even proximally. In M. hidena 
and other species (PI. I. fig. 2) with well-developed maxillary 
flanges it is considerably wider here than the distal part, into 
which it passes more or less regularly, the rostrum being thus an 
elongated, acute-angled triangle. 

The relations of the bones in the region of the antorbital notch 

* AndrewH^ figaret (1914, pi. xvii. figs. 1, 2) show a shorter basal region, and it is 
possible that the extent of its development is dependent on age. 

t Flower's figure (1878, pi. Ixxi. fig. 4) represents the part between the antorbital 
and inner notches as longer than is really the case. 
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seem to afford characters of systematic importance. Although 
there are numex'ous references in Hteiuture to the details observed 
in various species^ 1 am not acquainted with any comparative 
treatment of the subject, and I describe accordingly the differ- 
ences which appear to be significant. My study is based on the 
limited amount of material in the British Museum collection ; 
and allowance must be made for the almost certain existence of 
individual variation. In each of the species represented by 
several specimens, particularly in ll^peroodon, ZiphiuB^ Meaoplo- 
don grayi^ and M. bidens^ 1 have found so close a general agree- 
ment that I am encouraged to l>elieve that the points to which I 
C8.11 attention are of some importance. 

The l)ones in question are the malar, lachrymal, frontal, and 
maxilla, in the antorbital region, where they have various 
relations to one another. A few remarks on the genera may be 
prefaoetl to the detailed accounts. 

Jierardius (True, 1910, pi. xxvi.) differs from the remaining 
Ziphioid genera in wanting the marked asymmetry, in cei*tain 
bones, which is so characteristic of them. In this feature, as 
well Jis ill retaining two paii*s of large mandibular teeth, it may 
be rt'garded as the most primitive of the Ziphioids. The right 
prernaxilla is hardly larger than the left, and the proximal end of 
neither is expanded. The maxillary crests or tubeiosities are 
well developed, and resemble those of liyptroodon except in being 
much smaller and in being directed obliquely outwards, instead 
of being vertical as in that genus. In a skull of B. arnuxxi^ 
lll.*l mm. long, but with the tip of the rostrum not quite com- 
plete, in the British Museum (9G. 11. 20. 1) they reach a length 
of about 105 nmi. I’he dorsal maxillary foramen is very large 
(40 mm. in length), the premaxillary foramen much smaller; and 
the two are nearly at the same transverse level. The nasals, 
which have a large horizontal component, are large and sym- 
nietiical, their median region not depressed, and they project 
dorsal ly l)eyond any of the other bones of the vertex (True, 
pi. xxviii.). 

Ziphius (True, 1910, pi. xvi.) resembles Berardms in the pos- 
session of large nasals, not depressed in the middle, and with a 
long horizontal component. 1'hey are no longer symmetrical, as 
is shown by the obliquity of the suture which separates them. 
This is situated at the level of the vertex, and the front parts of 
the nasals project forwards above the nasal cavities. The right 
premaxilla is larger than the left, and the posterior ends are 
slightly expanded. The maxillary tuberosities (True, pi. xx.) are 
not unlike those of Berardius^ but are less developed, and the 
very large maxillary foramen and the small premaxillary foramen 
agree with the corresponding apertures of that genus except in 
the fact that the premaxillary pair are in advance of the others. 

Hyperoodon also shows a marked asymmetry in certain bones, 
for instance the premaxillae and nasals, in both of which the 
right member is considerably lai-ger than the left, os well as by 
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the oblique position of the nasal septum. The maxillary tuber- 
osities take the form of enormous longitudinal and vertical crests, 
which increase in size with age, particularly in the males. The 
large maxillary foi'amen lies on the median side of the eldest, and 
in a young skull from Weymouth (British Stranded Whales, 
1917, No. 29), incomplete at the tip but with an estimated length 
of at least 790 mm,, it measures 75 by 13 mm., the gimter 
diameter being longitudinal. The premaxillary foramen is very 
small, and is situated opposite part of the larger fommen. The 
horizontal component of the nasals is much less developed than 
in the two pi-eceding genera, and its sutural region, no longer on 
the level of the dorsal part of the skull, is considerably depressed. 
The lateral parts of the nasals are more elevated, and take part in 
the formation of the crests which are otlierwise constituted by 
the expanded proximal ends of the premaxillie, as in certain 
species of Mesoplodon. Their vertical component is large, and 
bounds the nasal cavities behind, their relations being best seen 
in young skulls. The right nasal of the Weymouth skull 
measures 75 mm. transversely and 92 mm. vertically, the corre- 
sponding measurements of the left nasal being 44 and 79 mm. 

Meaoplodon resembles the last two genera in the asymmetrical 
development of its premaxillie, nasals, and other parts. Tlie 
nasals are most like those of llyperoodon. The maxillary 
uuberosibies are less developed than in any of the other genera, 
and may be vestigial or even wantiiig. The maxillary and pre- 
maxillary foramina are usually subequal in size, and are variable 
in their relative position. They are in most cases at about the 
same transverse level, but in M, grayi the premaxillary pair are 
considerably behind the othei's. 

It appears probable from this survey that the Ziphioid Whales 
wore originally provided with maxillary tuberosities of appreciable 
size ; that the maxillary foramen was at first much larger than 
the premaxillary foramen ; and that tlie two were situated at 
about the same transverse level; and, from what follows, that 
the malar originally reached the outer border of the antorbital 
region, while the outer border of the lachrymal was thickened. 

It has been pointed out by Flower (1872, p. 204) that one of 
the distinctive features of the ZiphiidsB is the presence of “ a 
distinct bone in the orbit, segmented from the posterior pai*t of 
the malar, and probably the homologue of the lachrymal.’^ The 
outer, thickened edge of this bone is well shown in 6gs. 1, 2, and 
4 of pi. Ixxii. of Flower’s later Memoir (1878), lying immediately 
in front of the orbit, covered dorsally by the antorbital part of 
the frontal, and descending obliquely from in front backwards, 
where it helps to form the anterior margin of the orbit. Part of 
the malar is clearly shown in fig. 2 of the same plate as a small 
triangular bone, covered dorsally by the maxilla, at the antero- 
dorsal side of the lachrymal. 

Berardim (text-fig. 1, a) is characterized by its large and heavy 
antorbital region, not much shorter than the orbit, which has its 
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dorsal liorder, as seen in dorsal or ventral view, stronjyly concave 
(True, 1910, pi. xxvii. tigs. 2, 3). On the dorsal side {B, arnuxii) 
the maxilla is sepamted by an interval of 33 mm. * from the etlge 
of the orbit. In respect of its relatively strong zygomatic 


Text 'figure 1. 



Autorbital region of slculls of Zipliioids (ventral view) in tlie Britieh Museum* 
A, JBerardius arn%xii ; B, Ziphiu$ caviro»tri » ; C, Hyperoodan ro8tratu$ ; 
D, Me$oplod<m lapardi, a, antorbital notch ; a.ty antorbital tubercle $ 
b.g (ill D), basirostral groove ;y, frontal;/.^, its thickened outer border; 
/(lachrymal; its thickened outer border; m, malar; maxilla; ma\t, 
maxillary tubercle; o, orbit; p,o (in A), postorbital process; s (in A), 
squamosal. 

portion, nowhere less than 0 mm. in width, the malar (m) of this 
genus may be considered more primitive than that of any other 
Ziphioid. 

* The measurementi, as elsewhere, refer to skulls in the British Museum. 
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As seen in siile view (Tnte, 1010, pi. xxviii. figs. 1, 2), the 
outer edge of the frontal is specially thick (HO uim.), it 
constitutes most of the antorbital region, oveilspping * the 
lechryntal (text-fig. 1, A, 1). In the region of the antorbital 
tubercle {«.<) the large, transversely expanded anterior lobe of the 
malar (m) reaches the outer surface of the tubercle, along a length 
oF 25 min., the anterior lobe being about 105 rum. broad and 
55 mm. long. The lachrymal (1) is unusual in extending round 
the median side of the anterior lobe of the malar. Its outer 
border is 55 mm. long, thick behind and fading away in front, 
its depth not neixrly so great as that of the frontal edge overlap- 
ping it. As in most other Ziphioiils, this characteristic thickened 
edge faces partly ventrally as well as outwards, and is thus visible 
ill a ventral view. It should be noted that the malar does not 
bound the antorbital notch. The relations in hairdii^ as 
shown by True (1910, pis. xxvii., xxviii.), seem to agree with 
those of B, arnux'ii except that the thickened border of the 
lachrymal appears to reach the outer edge of the antorbital 
region. 

Ziphiua cavirostria (text-fig. 1, b), of which there are several 
British skulls t in the British Museum, agrees with JBerardiita in 
the fact that the frontal makes a specially large contribution to 
the antorbital region, the other bones of which show a consider- 
able amount of incompleteness. The orbit is distinctly longer 
than the antorbital region. These features are well shown in 
the figures given by True (1910, pi. xx.). The outer border of 
the orbital plate of the frontal, as seen from above or below, is 
straighter than in Berardius, The amount of deficiency of bone 
in the antorbitiil tubercle is variable, to some extent probably 
depending on age. In one of the Britisli skulls there ii^ a large 
unossified cavity between the frontal and the maxilla in fi’ont 
and Ijetween the frontal and the malar and lachrymal below. 
This incompleteness probably represents a cartilaginous condition, 
mainly of the maxilla and malar, and in some cases it is much 
less marked than in the skull above indicated. The anterior lobe 
of the malar (in) is hatchet-shaped, its relation to the antorbital 
notch and tubercle being much ns in Berardhis, A part of its 
antero-external border appears on the outer side of the antorbital 
tubercle, immediately in front of the frontal and covered dorsally 
by the maxilla. The thickened border (l,t) of the lachrymal 
<ioes not nearly reach the outer edge of the antorbifail region, and 
may be described as vestigial. 

True's figures (1910, pis. xviii., xix.) indicate that the bead 
of the malar of Ziphiua may extend into the antorbital notcli, 
Kernan (1918) has figured the isolated malar (pi. xxx. fig. 1) 
and lachrymal (fig. 2) of a young specimen. 

• The greater outward extension of the frontal is probably due to the fiict that 
the surface forn^ed bj' the thickened borders of the bones in question is not vertical, 
but fsees obliquely outwa»’ds and venf rally. 

t Throe of these are noticed on p. 164, Proc. Zool. Soc. 1918. 
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It should be noted that in this, as in the later diagrams, the 
internal edge of the lacihrymal or malar, or of both these Inmes, 
is not indicated. This is because these bones are usually over- 
lapped by slips of other bones, so that the real median edge is 
concealed. The lachrymal is typically overlapped by the palatine, 
and tf»e malar by the maxilla. 

Ifyptroodon roatraius (text-fig. l,o) has specially characteristic 
features in tlie orbital and antorbital bones. The outer border 
of the orbit is not so straight as in Ziphius^ and becomes concave 
in old skulls, as seen from above or below. The antorbital 
tul)ercle is very large, and the antorbital notch is well developed. 
I.tfirgely owing to the groat development of the ujaxillaiy crests 
on the doixal side, the notch has a great vertical depth, its 
median boundary, formed principally by the maxilla with its 
crest, being a longitudinally vei’tical wall of considerable extent. 
The species is characterized by the great size of the malar and 
tlie reduction of the lachrymal. The anterior lobe of the malar, 
though varying in the proj>ortionate size of its various parts, has 
the general shape of the head of a claw-hammer, as shown in the 
text-ligui’e. Its antero-inteimal part appears in the figure as an 
acute triangle, wdiich must be understood to form a considerable 
part of the vertical inner wall of the antorbital notch, and thus 
to extend along this wall in a direction at right angles to the 
plane of the drawing. In passing outwards the anterior lobe of 
the malar becomes greatly thickened, like the bead of a hammer, 
and this part forms a variable proportion of the outer side, and 
even more of the anterior side, of the antorbital tubercle (other- 
wise constituted by the maxilla and frontal). In anterior and 
side views the arrangeinent is as in text-fig. 3, K, L, the antorbital 
tubercle being constituted above by the maxilla, the' border of 
the malar appearing as a triangular lobe below it, and the strong 
fi'ontal component appearing behind the malar (cf, Eschricht, 
1869, pi. vi. fig. 1, skull of H, latifrons type). 

One of the most striking features of H^peroodon is the com- 
plete disappearance of the normal thickened border of the 
lachrymal (1), as shown in text-fig. 1, c, where the outer end of 
the bone appears to he pointed, a feature which is well shown on 
the right side of Eschricht’s fig. 2. The apparent point is really 
the ventral end of a thin edge, which passes out of sight, between 
the fiontal and the malar and runs obliquely dorsally and 
forwards. In a skull from Bkegness (British Stranded Whales, 
1913, No. 38) this edge reaches the doisal surface, where it 
expands into a triangular portion, lying between tlie frontal and 
the malar. Although t])e lachrynial does not appear on the 
dorsal stirface in most of the skulls I have examined, the Skeg- 
ness skull is not altogether exceptional, os the same condition is 
figured by Eschricht in fig. 3 of the plate referred to above, and I 
liave observed it in a skull in the collection of the Royal College of 
burgeons. The figure given by Eschricht (1869, pi. vii. 6g. 4) of 
the skeleton of a foetal Jlyptroodou about 610 mm. long is of 
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special interest as showing the zygomatic portion of the malar as 
a l)ar extending continuously from the antorbital tubercle to the 
squamosal, along the inferior margin of the orbits in a manner 
more nearly approaching that of the typical Mammalian malar 
than in the adult Byperoodon, 

Among the species of MesoplodoUj M. layardi most nearly 
approaches the preceding genera in tlie disproportionate size of 
the large maxillary and the small premaxillary foramina. This 
is of interest, since this species possesses a well>developed basi* 
rostral or upper dentary groove, a feature which may be regarded 
as primitive. The groove commences at the base of the rostrum, 
in a transversely elongated pit of the maxilla : and its commence- 
ment is visible in a ventral view of the skull (text-fig. 1, d, h,g). 
Although shallow, it is distinct along practically the whole length 
of the rostrum, being as much as 12 mm. wide opposite the front 
end of the external concavity of the pterygoid, then successively 
narrower, broader, and finally nan*ower again. 

The antorbital region resembles that of Berardius in the fact 
that the surface formed by the thickened borders of the lachrymal 
(l.t) and frontal {fd) is oblique, the outer border of the lachrymal 
thus not reaching the outer edge of the skull. In most species 
of Mesoplodon the junction of the outer part of the posterior edge 
of the lachrymal with the frontal is marked by a convexity which 
indicates the passage of the orbital into the antorbital region. 
In M, layardi the junction is unusually flat, both along most of 
the fronto-lachrynial suture and on the frontal, where there is no 
obvious separation of the orbit from the antorbital part. The 
posterior end of the thickened outer border of the lachrymal is, 
however, consideiubly raised, forming a distinct projection above 
the otherwise flat surface, extending into the anterior end of the 
orbit. The greater part of the antorbital tubercle is formed by 
the maxilla, and the malar only touches it on its inner side ; with 
,this exception not reaching any part of the antorbital notch. 
The malar appears unusual in shape, but its median portion is 
overlapped by the maxilla, and the shape of its antero-internal 
portion is thus not discoverable. 

M. grayi (text* fig. 2, e) is the only other species of Mesoplodm 
having a well-developed basirostiul groove, and it is here deeper 
than in the last species, and may be provided with a series of 
vestigial teeth towards the middle of the length of the rostrum, 
which has no lateral maxillary flanges at its base. The malar 
has a triangular antero-internal lol^, its external angle still 
reaching the outer side of the antorbital tubercle. The thickened 
border of the lachrymal faces mostly outwards, and conipletely 
reaches the outer edge of the antorbital region. It is not slmrply 
raised posteriorly, where it forms a convexity passing gradually 
into that of the adjacent parts of the frontal. The appearance of 
the side view is described on p. 546. 

M. hidem (text-fig. 2, o) agrees substantially with M. grayi in 
the relations of the antorbital bones, as seen in ventral and side 
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views. The thickened l)order (30-34 inm. long) of the lachrymal 
practically reaches the outer eclge of the frontal, which is accord- 
ingly not or hardly visible in this i*egion, in ventral view, in old 

Text-figure 2. 



Antorbttal region (ventral view) of Mttitttflndtm, K, 3f. tfrnyi ; h\ JIf. dennirmtrif » 
G, Jlf* bidans; H, M. hectori. o, aiitorhital notch; a.t, nntorbital tulxircle; 
ft frontal ; t, inner notch ; /, lachrymal ; Lt, thickened outer border of lach- 
rymal ; m, malar ; ihjt, maxilla ; o, orbit. 

skulls. In a younger specimen (Rosslare) it is considerably over- 
hung by the frontal. It is well raised and much thickened at its 
posterior end^ corresjxonding with the anterior end of the orbit, 
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but not so abruptly ns in M. Jiectori^ The malar just reaches the 
outer edge of the antorbitnl tubercle, and it nmy toucli the 
postei'ior part of the antorbitai notch with its anterior l)order, 
although it is not visible in dorsal view. The tip of the antorbitai 
tubercle is entirely formed by the maxilla. 

In M. atejnegeri, so far as can be judged by the published 
figures, the side view (True, 1910, pi. ix. fig. 2) is as in the two 
preceding species, except that the thickened l>order of the 
lachrymal is thinner behind. The ventral view (True, pi. vi.) 
shows that the irialar forms practically the entire boundary of 
the antorbitai notch. This bone is apparently just visible in 
dorsal view (True, pi. iii.). 

In densirosU'ia (text-fig. 2, F; PI. II. fig. 3) the lachrymal 
differs from that of other species in having lost the whole of its 
tliic.kened outer border except a vestige (Id) at the posterior end, 
which is not definitely raised, the remainder of this border (the 
total length of which is 47 mm.) being very thin, apparently a 
chai-acteristic feature of the species. The lachrymal is thus barely 
visible in a side view (PI, JII. fig. 5), but in True’s figure 
(I»l. vii. fig. 2) its tliickened border is better developed than in 
the Porto Santo skull. The malar resembles that of J/. hideys in 
geneml shape, but it forms the whole of the posterior border of 
the antorbitai notch, and the whole of the ventral part of the 
front of the inconspicuous antorbibil tubercle, with the exception 
of a small frontal component. An appreciable part of the bone 
appears, behind the notch, in the dorsal view of the skull 
(Pl.T.fig. 1). 

ilf. minis (text-fig. 3, i; PI. II. fig. 4) is peculiar, as has been 
jjointed out by True (191 3^ p. 053). in the construction of its 
antorbitai tubercle, the greater part of which is formed by the 
lachrymal, which is best seen on the left side of PI. IT. fig. 4. In 
ventral view the thickened border of this bone forms the larger 
part of the tubercle, passing on the outer side of the malar, which 
is thus excluded from the lateral edge of the antorbitai region. 
Its po.sterior end is hardly raised, and makes no projection into 
the orbit. The frontal extends on tlm outer side of the posterior 
half of the thickened border (50 mm. long) of the lachrymal, 
which in its anterior half forms the outer part of the tubercle, 
ventrally. The malar constitutes the entire posterior border of 
the antorbitai notch, in this view. In dorsal view (text-fig. 3, j ; 
PI, 1. fig. 2) a prolongation of the malar extends well on to the 
dorsal surface. The lachrymal continues its course round the tip 
of the antorbitai tubercle, and ends in a point in front of the 
maxilla, here forming the lateral part of the antorbitai tubercle. 
Tim maxillary tuberosities (text-fig. 3, J, are large and strong, 
with an oblique course. 

The arrangements of these parts in M, mroposus (Van Beneden 
and Gerviiis, pi. xxiv. fig. 1 6 ; True, 1910, pis. ii., v., viii.) appear 
to be not unlike those of M, mirus^ but the inner notches and the 
anterior tubercles are less distinct, and the anterior extension of 
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the thickened border of the lachrymal is not so marked a feature. 
The well-developed maEiliary tuberosities are straighter than in 
timt species. 

M. hsctori (text«fig. 2, h) difters in several respects from the 
other s[>ecies. While in other cases the thickened border of the 
lachrymal usually looks ventrally as well as outwards, thus being 
obvious in a ventml view, in M» hectori it faces completely 
outwaixls, reaching the outer edge of the skull along its whole 
course, without any separation from it by the frontal. Although 


Text-figure 3. 




Antorbiial region of Zipluoids. I, Me$optodon mirus, ventral view ; .T, K. mirus, 
(lorsHl view ; K, Hj/peroodon rostratun, anterior view ; L, Hppcroodon 
roBtrat^Bf side view, a, antorbital notch ; a,t^ antorbital tubercle ; fy frontal ; 
t, inner notch ; U hiclirynitd ; thickened outer bonier of lachrymal ; 
m, malar; mx^ maxilla; mx.tt maxillary tubercle; o, orbit; maxillary 
tuberosity. 


particularly thick and strong, its outward direction prevents more 
than it« ventral edge being seen in a view from below. Its 
posterior end is abruptly raised, forming a distinct projection into 
the orbit (Flower, 1878, pi. Ixxii. fig. 4). The external lobe of 
the anterior part of the malar is much reduced, and this bone is 
accordingly narrower than usual. It forms the posterior boundary 
of the antorbital notch, but it does not appear, or barely appears, 
in the dorsal view of the skull. Its zygomatic part (incomplete) 
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is conspicuously slender. Ou the dorsal surface the antorbital 
tubercle is formed entirely by the umjLilla, the suture of which 
with the lachrymal priNses hoiizoutally thron^?h nearly the middle 
of the tubercle. In view of Oliver’M a>sociat;i()n of this Hpe<jit*s 
with M, miru8 in a distinct getui-s, Paihua^ it is of intei'est to 
notice that the two species do not resemble one another in tlie 
characters of their antorbital regions. 

It follows from what has ahmdy been said that the malar shows 
considerable differences in the members of the Ziphioid group. 
It is probably a safe a.ssuroption that in the ancestors of the 
Cetacea this bone reached the outer surface of the skull, and had 
the relations of the typic^al Mammalian malar, which takes part 
in the formation of the zygomatic arch by forming a bridge 
between the maxilla and the squamosal. The genus of existing 
Ceticea which best shows thi.s relation is Physeter^ where the 
malar is a thick ami heavy bone protecting the orbit below and 
reac ling the maxilla and squamosal at its two ends. No ilistinct 
l.tchryriial is present, but as pointed out by Flower (1868, p. 319), 
it gives off a process which is wedged in between the umler 
surfaces of the orbital plates of the maxilla and frontal, lu 
Kogia (Miller, 1923, p. 45, pi. vii. fig. 3) this process is a 
conspicuous feature of the lateral view of the skull, but the 
zygomatic process does not extend beyond the tintcrior end of the 
orbit, and is widely separated from the scjuamosal. In the 
Mystacoceti the malar forms a well-developed and comjdete 
zygomatic arcli, but the.se whales are usually described as 
possessing a distinct lachrymal, in the form of a thin slip of hone 
wedged in obliquely between the maxilla and the frontal 
(Eschricbt, 1869, pi. i. fig: 1), This appears to correspond with 
the ascending process of Physeter and Koyia^ and it has the same 
relations to the maxilla and frontal. It is Avanting in most of the 
skulls I have examined, but in an articulated skeleton of 
NeohalcBna (on the left side) the anterior end of the malar is 
continuous Avith a slip of bone having the relation of the 
limhryraal to the maxilla and frontal ordinarily described in 
Mystacoceti. I have found a similar extension of the malar 
on both sides in an articulated young Welsh specimen of 
BalcBnoptera physalus^ also in the British Museum. 

In the Delphinidte, as in Physeter and Kogia^ no distinct 
lachrymal is present, hut part of the malar corresponds exactly in 
position with the lachrymal of Ziphiidae, in partial accordance 
with FIoweFs conclusion (1872, p. 204) that the distinct lachrymal 
in this family is to be regarded as a bone segmented off from the 
posterior part of the malar. Ther’e is probably more to be said 
for the opposite view, that the hichrymal and malar have fused in 
the Delphinidfie, In a side view, the antorbittil region of an 
ordinary Dolphin may be seen to be constituted mainly by the 
maxilla, dorsally, while the ventml part may consist entirely of 
the oblique thickened border of the undivided malar, which is 



AKD OTHEB BEAKED WHALES. 5fi5 

overUpped dorsally by the frontal to an extent varying with the 
species {cf. Miller, 1920, Proc. U.S. Nat. Mus* Ivii. pi. xxix.). 
The arrangement is in fact almost the Sfitne as in Mesoplodon 
hect&rij as shown by Blower (1878, pi. ixxii. iig. 4), except that 
the lachrymal element is not distinct. The t‘elntions of tlie malar 
in Delphinid» would be represented by the removal, in text- 
fig. 1, A {Berardiua)^ of the curved suture between lU and the 
zygomatic process of the malar, and by prolonging the outer 
border of the lachrymal component as far outwards as that of the 
malar component. In some of the ordinary Dolphins the malar- 
lachrymal not only forms the whole of the ventral surface of the 
antorbital tubercle, but it is prolonged round its front end to 
its dorsal side to a larger or smaller extent. In the typical 
Dolphins the bone in question generally bounds the antorbital 
notch posteriorly, being developed principally on its outer side, a 
smaller extension passing forwards along the inner margin of the 
notch, and this is also the case in Monodon and Belphiiiapterus, 
Among the freshwater Dolphins, in Lipotes (Miller, 1918, Smith- 
son. Misc. Oontr. Ixviii. No. 9, pis. ii., iv., vi.), the same bone 
extends largely on to the dorsal side of the antorbital tubercle, 
and forms the whole of its anterior part on the ventral siile as well 
(confirmed by a skull in the British Museum). In Inia I find that 
it is much smaller, and in Platanisia that it is vestigial. Among 
the Ziphioids (text-fig. 1, A-c) BerardiuSy ZiphiaSy and Jlj/peroodor^ 
show what may be regardf*d m the primitive arrengement, in the 
extension of the malar to the outer border of the antorbital region. 
This condition persists in certain specdes of MesoplodoUy but in 
others, and notably in M, wwVtts, the lachrymal excludes the malar 
from that border. 

It appears to me that the comparative study of individual bones 
in the Cetacean skull may yield more important' results than the 
mere recording of mensureiiients ; and the nntorbilal region s<*enis 
to offer a specially promising field for further observations, 
examination of young, and probably of fmhil skulls may bo 
necessary, in order to establish satisfactorily the homologies of the 
malar-laciirymal complex in various members of the group. 


On the genua Paikea. 

In 1922 Oliver (1922, p. 574) proposed the genus PatJcea for 
Ztpbioid Whales “with the cranial chai-acters of Mesoplodon ami 
two terminal teeth in the lower jaw,” The genotype is Jlerardiva 
heetori Oi’ay, 1871 {^Meaoplodon hectori Flower, 1878), and the 
genus included Meaoplodon viirua True, 1913. The presence of 
two well-developed teeth at the anterior end of the mandible is 
undoubtedly a striking difierence from other species of Meso- 
plodony in which the two teeth are in the neighbourhood of the 
posterior end of the sympliysis. I have previously suggested 
(1919, p. 21) that in M.mirasyfia in Ziphim and Eyperoodony 
these teeth represent tiie anterior pair of the four found in 
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Berardiiut^ wlule the teeth of other species f)f Meaoplodon corre- 
s{)ond with the posterior pair of the same genus. 

Abel (1905% pp. 40, B8), discussing tlie palieontologicnl evi- 
dence bearing on the ancestry of the Ziphiidas, derives these 
animals from ancestors with a series of functional teeth in both 
jaws and a long mandibular symphysis. The evolution of the 
family has resulted in the suppression of the maxillary teeth, 
except for the vestigial teeth which occur not infrequently, in 
the shortening of the symphysis of the mandible, and in the 
reduction of the lower teeth to one or two pairs. In Palmoziphhts 
(Hgured by him on p. 91) the lower jaw (Upi>er Miocene) shows 
a series of well-developed alveoli, of which the first and seventh 
pairs are somewhat enlarged *. In Cetorhynckua (p, 94), also 
from the Miocene, the lower teeth are shown to be in process 
of reduction by the breaking down of the bony septa present 
in Pokmoziphitia between the alveoli; while the upper jaw of 
Cm ehriatoli is provided with about 40 alveoli, pointing to a total 
number of 50-55 pairs of teeth. Mioziphixia^ of the Upper 
Miocene, is characterized by Abel (p. 101) as possessing 3 7- 4b 
maxilldry alveoli, of which the septa have broken down, giving 
rise to a broad and shallow dentary groove. The mandible has a 
symphysis which is shortened as compared with that of the two 
preceding genera. Its dentary groove is reduced posteriorly, but 
near its anterior end it i>ears two projecting sockets on eacli side 
(Hg. on p. 103), implying the prevsence of two pairs of teeth very 
similar to those of the recent Jieranlma, In Anopl(maa8<(> also 
(figured by True, 1907, pi. ii.) the mandible bears two pairs of 
large teeth, the posterior teeth 47 mm, behind the anterior pair, 
with which they are connected by a dentary groove, in the floor 
of which are several foramina, perhaps repiesenting vestigial 
teeth. 

From the evidence of these fossils, reinforced by that of 
BerardiuSy it appears that, in certain genera at least, the reduc- 
tion and disappearance of most of the mandibular teeth took 
place simultaneously with the persistence of two pairs of teeth at 
the front end of the jaw ; and that at a later stage in evolution 
one of these two pairs also disappeared. It does not necessarily 
follow that the vanished teeth are the same pair in all cases. 
Oliver (1922, p. 575) refers to a skull of Berardiua arnuxiiy in 
the Wellington Museum, New Zealand, in which the anterior 
pair of teeth are alone present. In Hyperoodon, often described 
as having the anterior pair only, a smaller tooth may occur behind 
each tooth ef the normal pair. I venture to suggest that Meao^ 
plodon has remained in a plastic condition in this respect, and 
that, having retained a latent capacity to develop a single member 
of a series of tooth-germs, on either side, into a functional tooth, 
there is some latitude as to the one actually selected for this 
purpose. The anterior tooth becomes functional in Jf. miraa and 

« It sliuuld he noted that True (1907, p. 105) it not satitHed that Palaoziphiua it 
a Ziphioid ; and Wiui^;e (1921, p. 92) has criticisms to the tamo effect. 
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M, hectoriy and a more posterior tooth, perhaps not necessarily 
occupying the same position in the series in all cases, in the 
other known species of the genus. Such instances as that of 
M, demiroatria (PL IV. tig. 8), in which there is an elongated 
■<lentary groove ending with the functional tooth, raise a doubt 
as to the exact homology of this tooth. Unless translation from 
one {)art of the jaw to another has occurred, it seems probable 
that it corresponds with a later member of the series, rather 
than with tlie second tooth of Berardiva. Embryological evidence 
may prove capable of throwing light on this point. Owen (1870- 
1889, p. 31) clearly stated the view that the functional teeth of 
Ziphioid Whales are not the same members of the series in all 
cases. He considered that, in view of the frequent occurrence 
of vestigial teeth in the alveolar groove, it is a matter of slight 
morphological importance which of them become well developed. 
Without following him in his conclusion that Berardlua, ZiplimSy 
and Meaoplodon are not generically separable, a view which 
appears to me to be negatived by the cranial characters, I can at 
least accept his general point of view to the extent of believing 
that the position of the mandibular teeth does not necessitate the 
removal of J/. mirua and M, hectori from Meaoplodon. 

If it were justifiable to separate two of the species of Meaoplodon 
as a distinct genus, on the evidence of the mandibular teeth, it 
•ought to be possible to point to other characteis in support of 
this conclusion. In introducing the genus Paikeay Oliver admitted 
that it iiad the cranial characters of Meaoplodon, The only 
features which he claims to exist in common in M, mirua and 
M, hectori ai% the broad and deep rostrum, the long mandi- 
bular symphysis, and the facts that the dorsal fin is placed far 
back and that the teeth are completely covered by the gums. 
The last statement is correct for tlie female specimen of M. mirua 
described by True, but it applies equally to the females of other 
species of Meaoplodon, It is not correct for the male from 
Liscannor, which agreed with the males of other species in having 
large teetli projecting beyond the gums. The rostrum of tlie 
species referred by Oliver to Paikea is not broader than that of 
M, euTopcRuay nor so deep as that of M. denairoatria ; an<l the 
position of the dorsal fin does not appear to differ materially in 
position from that of other species of Meaoplodon. 

My principal reasons for not accepting Paikea are (1) that, 
with the exception of the position of the teeth, M. mirua and 
M. hectori possess no single^ character in common which justifies 
their close association with one another or their separation from 
other species of Meaoplodon ; (2) that in its cj*anial characters 
generally M. mirua resembles M. europmia so closely that it is 
hardly possible to place them in different genera ; (3) that if it 
were proposed to enlarge Paikea by the inclusion of M. turopatua, 
the principal generic character would disappear, since the teeth of 
M, europcBua are in the neighbourhood of the posterior end of the 
Paoc. ZooL. 8oc.— 1924, No. XXXVII. 37 
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symphysis, as in most of the other species of Mesoplodoii. The* 
cranial chamcters of Jf, hectori are compared below (p. 507) with, 
those of M, mirua. 

Mesopix)Don MIRITS True. (Plates I. IV, figs. 2, 4, 6, 7, 9 ; text- 
fig. 3, p. 553, I, J.) 

Ileaoplodon hectori Anderson, 1901, p. 117, text-figs. 1-3 (skull). 
„ „ (p«r«), Anderson, 1905, p. 703. 

(Species not mentioned), Anderson, 1902, p. 1121, text-fig, 14,. 
1, 2 and 3 (skull). 

Mesoplodoti mirum True, 191.3*, p. 1 ; 1913^ p. 651, pis. lii.-lvii. 
(external features, skull, lower jaw). 

Ziplihia cavirostria Harmer, 1918, pp. 6, 8, 18. 

Meaoplodon mirus Harmer, 1919, pp. 3, 5, 18, text-fig. 2 (lower 
jaw). 

yfeaoplodon mirum Oliver, 1922, p. 574 (refeired to Paikea, 
n. gen.). 

Ill lUOl Prof. Tl. J. Anderson gme a short account, with poor 
figures, of a skeleton of a Beaked Whale, the sex of which was 
not recorded, in the Museum of Queen s College, Galway. On 
account of the presence of a tooth on each side of the apex of the 
mandible the specimen was referred to j\L hectori (Gray). In ti 
later paper (19U5) he stated that the specimen was a young one, 
4*25 metres (nearly 14 feet) long, whicli was stranded near 
Galway, “some years ago.’’ He described at the same time a 
larger specimen, 6*37 metres (20 feet, 104 inches) long, also 
referred to J/. hectori^ which liad been stranded on one of the 
Aran Islands, Galway Bay, in the winter of 1903/4, also recorded 
by him in another paper (1904, p. 126). I have pr<^viou.sly 
pointed out (1919, p. 20) that Andersoirs larger specimen, from 
the Aran Islands, belongs to Ziphius cavirostria* 

True’s account of M. mirus was based on photographs of the 
external appearance and on the head, tail, and one flipper, received 
at the U.H. National Museum, of an adult female, 16 feet long, 
which had been stranded on the outer bank of Bird Island Shoal 
iu Beaufort Harbor, North Carolina, on June 26, 1912. The 
description of its colour is as follows : — “ Back, slate-black ; lower 
sides, yellow-purple, flecked with black ; median line of belly 
somewhat darker, a grayish area in front of vent; fins the color 
of the back.” True showed conclusively that M* mh'ua is easily 
distinguishable, in size and cranial chai-acters, from M, hectori. 
The teeth were about 30 mm. long and their greatest diameter 
about 9 inm. In Anderson’s specimen the right tooth, now lost, 
was one inch (25 mm.) long and tliree-eightiis of an inch (11 rnm.) 
wide (1901, p. 117) ; pointing to the conclusion that, like the one* 
recorded by True, it was a female. 

The specimen (Brit. Mus. 1920, 5.20.1) specially described in 
this paper was found alive at Liscannor, Co. Clare, on June 9, 
1917, and was driven ashore by fishermen in boats. It was. 
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stated to have been 17 feet in length and 9 feet in girth, the 
whole of the head and the dorsal side of the body being black, 
the lower surface of the head being of a very light colouiv 

ai^Foaching white,** without any other markings. As the 
cranial measurements are slightly larger than those recorded by 
True, the recorded lengths of the animals confirm one another* 
The two descriptions of the colour do not altogether agree. As 
soon as possible after the receipt of the news of the stranding of 
this specimen, Mr. T. Gerrard went to Liscannor, on behalf 
of the British Museum, to secure the skeleton, but he found on 
arrival that the blubber had been completely removed and boiled 
down, and it was thus impossible to obtain further information 
about the external diameters. The right flipper had been lost* 
but nearly the whole of the rest of the skeleton was secured, as 
well as the penis, which placed the sex beyond doubt. The 
animal was wrongly recorded as Ziphins eaviroatris in my 
5tli Report (1918) on Cetacea stranded in 1917. In the Report 
(1919) for the following year 1 acknowledged the services of the 
late Mr. W. Taylor in suggesting that the specimen might prove 
to belong to True*s Beaked Whale, and the kind assistance which 
had been given me by Prof. J. Mangan in sending measurements 
and sketches of the two Ziphioids in the Galway Museum. 

In 1922 Oliver referred the present species to his new genus 
Paikea, of which Meaoplodon hectori is the t}'f>e. 

The species is thus known by three specimens, two of whidi 
are known to be respectively male and female, while the Galway 
individual was probably a female. True (1913“, p. 652) quotes 
Mr. Lewis Radcliflb, Director of the Fisheries Labomtory at 
Beaufort, who believes that M. mirm is not uncommon in that 
neighbourhood. This suggests that tlu^ natural habitat of the 
species is the Gulf Strejiiu, an idea which appears to be con- 
firmed by the occurrence of two specimens ou the West coast of 
Ireland. 

Skull, 

The cranial chpracters of the Liscannor specimen agree closely 
with True’s account of the type-specimen, and with those of tlie 
Galway individual, as described by Anderson ami in Prof. 
Mangan’s letters to me. The presence of teeth at the extreme 
front end of the lower jaw distinguish it at once from all other 
species except M, hectori^ in wliich the cranial characters are very 
different, as shown, for instance, by the form of the rostrum and 
of the vertex of the skull, and by the shape of the lower jaw. 
In the table which follows I have used the measni’ements given 
by True ; and as the liscannor skull is practically identical in 
length with the type-specimen, the comparison of the two is easy. 

I have reproduced True’s measurements, and 1 have added those 
which I am able to give of the Galway specimen, on the authority 
of Anderson and Mangan. I have also included, for comparison, 

37 * 
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Mesoplodon^ Cranial measurements^ in millimetres. 
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measurements of the type-specimen (Brit. Mus. 16776-76.2,16.3) 
if, hectori^ as well as of the Porto Santo M, dermrostris 
described in a later section of this paper. The characters which 
appear to be specially distinctive of if. mirue are tlie position of 
the teeth, the massive character of the lower jaw in the region of 
the symphysis, the proportions of the rostrum, the laige size of 
the antorbital notches and of the maxillary tuberosities, the 
characters of the lachrymals and nasjils, and the form of the 
vertex of the skull, particularly the vertical position of the pos- 
tero«iii terns 1.1 ends of the maxilla}. In view of tlie rarity of the 
species I subjoin further details of the skull and of the skeleton, 
which has not previously been described. 

Dorsal view (PI. I. fig. 2). — The mesorostral is well ossified 
throughout, to a point only a few millimetres from the tip. In 
this respect it contrasts strongly with two skulls of M. hidens 
in the British IVluseum. Both are apparently adult, and while 
one of them {Frazerhnrgli, Al>erdeenshire, 8.2.28.1) is known to 
l>e male, the other (Hkegness, Lines, 11)20.12.20.1) is probably 
female, from the eliaracters of its teeth. In these skulls the 
mesorostral ends in an a.cute point about 17() mm. from the tip of 
the i*ostrum (which is, however, not (piite complete at that end 
ill either skull), and this |X)int correspomls exactly with the 
anterior termination of the vomer. While in M, mirns the sur- 
face of the ossified mcsoi-ostral rises almost to the level, but at no 
point surpassing that level, of the prenmxilli© along it.s whole 
length, botli skulls of M, hUUns show a large depression of its 
surface at tlie posterior end, the floor slof)ing obliquely upward 
along the premaxillie at tlie two sides. In the male if. hidens 
the niesethmoid is considerably thickened, domilly, for nearly 
30 mm. in front of tlie premaxillary foramina, ending abruptly 
in front with a truncsite edge, 17 nim. wide, the posterior part 
of the ossifieil mesorostml lying at a much deeper level. In 
if. mirtis (male) the ine.sethnioid is ossified in the same way, but 
altliough its junction witli the niosorosiiul is indicated, the dorsal 
surfaces of the two bones are continuous and at the same level. 
In Ti*ue*s female skull the inesorostial is much less ofisifie<i, 
and it is distinctly depressed in front of the rnesethnioid. Tlie 
rostrum is bifurcated at the tip, as shown by True's figures, the 
mesorostral ending 13 niin. from the en<l, and the relations of the 
dorsal edges of the premaxiilas correspond with liis description 
At the base of the ixjsti’um they have their inner edges not much 
raised above the outer edges. Further forward the slope becomes 
much steeper, and in front their dorsal surfaces are almost 
vertical. At 360 mm. from the tip the inner or upper edge of 
the premaxilla is 25 mm. above the Jateml maxillary flange. At 
the level of the premax^lary foramina, which are slightly in 
advance of the maxillnry foramina, the prernaxill® are 13 min. 
apart (15 mm, just behind this point), thence converging for- 
wards, and approaching one another within 3 mm. at a point 
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200 mm.* from the tip of the rostrum, again diverging to h 
distance of 11 mm. at the tip. 

The thickened mesethmoid diminislms in width backwards to 
the anterior border of the nares, where it is 5 mm. wide. Here 
the edge of the nasal septum becomes thin, and descends ver- 
tically, forming a deep sinus, the posterior border of whicli 
ascends, nearly vertically, to a higher level, and forms a thickened 
eurbice in contact with the suture of the nasals. 

The base of the rostrum is indicated by tlie antorbital notches, 
which are conspicuous in this species. These are hounded exter- 
nally by the antorbital tubercle and on the inner side by the 
maxillary tubercle, in which ends the relatively large maxillary 
tubei*osity, running obliquely forwards and outwards and with 
a length of about 50 mm., the left slightly the larger in the 
Llscannor skull. On the median or inner side of the maxillary 
tubercle is a smaller emargination, the inner notch. This region 
of the skull has a special similarity to the same part in 
M. PAiroprms^ as has been pointed out by True. The rostrum is 
200 mm. wide at the antorbital notches and 150 mm. at the 
inner notches. It is bordered, on each side, by a thin lateral 
flange, commencing at the maxillary tul)ercle, where it is at its 
widest, and diminishing in width as it passes forwards. By com- 
parison with J/. grayi and M. layardi it appears that the basi- 
rostral groove characteristic of those species is in some way 
represented by this flange, which corrcssponds either with the 
-dorsal ridge of the basirostral groove or has perhaps been formed 
by the coalescence of tlie dorsal and ventral edges, on the dis- 
appearance of the groove. The latter conclusion is suggested by 
comparison with M, layardi^ in wliich the ventral end of the 
groove passes into the maxillary tubercle. At their commence- 
ment the lateral flanges are concave dorsally, as in other specie.^, 
but their outer edges are so much raised in the Liscannor skull 
that a line joining their posterior ends passes completely above 
the level of the premaxillfe. This condition lasts for about 
20 mm., after which the premaxillie rise above the level of the 
flanges, a relation which is found along the whole length of the 
rostrum in M, bide7w. At their origin (M, inirus) the flanges are 
50 and 45 mm. wide (R, L). They descend gradually along the 
sides of the rostrum (PI. HI. fig, 6), and at about 180 mm. from 
its tip they have reached its ventral surface. At about 230 mm. 
from the tip the ridge is seen to commence to open out into a 
narrow groove (as shown in True’s pi. Ivi,), at first only one or 
two mm. wide, but further forward beemuing an obvious dentary 
groove, which passes beyond the maxillae, which end 55 mm. 
from the tip of the rostrum, on to the premaxillae. 

Between the premaxillary foramina (PL I. fig. 2) and the 
anterior nares the premaxillie widen out into expanded portions, 

* The portion of points measured from the tip of the rostrum esan bo ascertained 
by the eight paper-marks seen in PI. I. tig. 2, placed at auiform distances of 60 miii 
.apart. 
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which are concave or spoon-fihape<l dorsally. The width of the 
bonee is here 61 and 44 mm. (li, L), wliile at the nari*ow 
portion, opposite the naves, the respective least widths are 
36 and 27 mni. Behind tlie naves the expanded posterior ends 
of the premaxillw are revolute and of large size. At the level of 
the expanded port of tlie mesethmoid in contact with the nasals 
the preemaxilla; are respectively 77 and 52 mm. wide (R, L), and 
there is a corresponding predominance in size, as well as in 
extent of revolution, in the expanded dorsal en<l of the right 
premaxilla over that of the left side. 

The vertex of M, mhu8 is greatly elevated, and in such a way 
that tlie postei’ior parts of the maxillje are vertical in position, 
where their thi(ikf*ned edges appear at the sides of the vertex and 
behind the expanded crests of the premaxillaB. In a doi-sal view 
of the skull tlie posterior ends of the maxillaB show only their 
edges, but in J/. hidens they slope upwards and inwards towards 
one another. In side view, as shown in True’s pi. Ivi., the outer 
edge of the maxilla passes fioin the posterior end of tlie orbit in 
a continuous curve until the maxilla assumes a vertical position, 
where there is a, slight indentation of its outline, partially sepa- 
rating an ear-like dorsal region, which is a noteworthy feature of 
the liisoannor skull (PI. IIL tig. 6). In order to indicate the 
<linienhioii8 of the frontal piates of the maxilla? I give the follow- 
ing measurements, including the corresponding measurements 
of J/. demirostl'is, which are recpiirecl in connexion with the 


desci iptiou of its skull : — 

M, mints. M. <i(‘nsirosti*ts. 

Aut. end of nm\. tutorcle to post, end 
of maxilla .... 240 

Kd^c otinux. at middle of mbit to it^ most 

dorsal part at sertev ... 1^7 210 

Width of maxilla at middle of orbit 103 105 

Width of frontal uncover<‘d hy maxilla at 
same point .... 11 4 

Jani^itudinal diam. of dorsal einl of max., 

behind premax. crest 70, 80 (11, L) 64 

Least w idth of vertex, between maxilho ... 7(» (incomplete) 

In addition to the maxilla3 and the premaxillto the frontals 


and the nasals take part in the formation of the vertex of the 
skull. There is a small area behiml the nasals where the frontals 
are exposed, the left one rather the larger in the Liscannor skull, 
so that the frontal suture lies mostly on the right of the middle 
line. 

The nasals have a very characteristic shape. The two togetlmr 
measure 42 mm. across in front and 50 mm. behind, Individually 
"(R, L) they are 27, 16 mm. in transverse diameter at the middle. 
Each has a distinct outer lobe, that of the R. nasal 56 mm. long, 
which takes part in the formation of the most prominent part of 
the vertex, forming the commencements of the revolute crests 
belonging to the premaxillae. In the case of the B. nasal the 
outer lobe is broader than the inner lobe and is separated by a 
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sigmoid suture from the premaxilla* In the L. nasal the two* 
lobes are of equal width, and its suture with the premaxilla is^ 
straight and longitudinal. The inner lobes are much below the 
surface of the others, and their anterior surfaces curve over 
to assume a vertical position in front, thus forming the pos* 
terior walls of the narial passages. A precisely similar confer* 
mation of the nasals is shown in an excellent drawing by Prof. 
Mangan of the Galway skull, and can 1)6 recognized in True’s, 
liguie (pi. liv.) of the Beaufort skull. Trues figures (1910, pi. ii.)> 
seem to indicate a similar arrangement in Jl/. mropoms. In 
Hyperoodon ] find that both nasals participate in the formation 
of the crests constituted mainly by the premaxillsB. In Ate90- 
•plodon layardi the B. nasal has this relation, but there is no* 
marked distinction between inner and outer lobes. On the left 
side, in tlie same species, the region of the outer lobe is vestigial 
and does not nearly reach the summit of the crest. In 3f. f>idens 
the outer lobes of both nasals are vestigial and not concerned in 
the formation of the crests. 

The supraoccipital is 203 mm. aeross l)et\veea the posterior 
ends of the temporal foswe, and its surface is gently convex. 

The skull ns seen in lateml view is figured by True (1913*, 
pi. Ivt), and the Liscannor skull (PI. 111. tig. fi) closely resembles 
that specimen. The malar is not visible in side view, l>eing con- 
cealed by the antorbital tubercle. The thickene^l edge of the 
lachrym^ is overhung by the frontal, but it can be seen, rather 
in the background, on tlie antero-ventral side of the antorbital 
part of that bone, curving up in a characteristic way in front to 
form a considemlde part of the antorbital tubercle. The temporal 
fossa is conspicuously high as com2>nretl with other species. It 
measures 85 mni. in greatest vertical height, and its length from 
behind to its pointed front end is 122 mm. On the ventml side 
of the temporal fo.ssa, the outer side of the .s(|uan)osal is marked 
by a deep oval depres.sion, 46 mm. long and 23 inrn. wide, which 
can be recognized in Ti ne’s figure ; and the same bone bears a 
longer, narrower, groove, mostly behind and on the ventiul side 
of the first one, from which it is separated by a distinct ridge. 
The pterygoid is as shown by True, with a conipai»atively narrow 
notch behind, its outer concavity subdivided into three patis at 
its ventral end, of which the thiid is the (lee^iest. Tlie posterior 
liorders of the pterygoids, near their median suture, are tmns- 
verse. Beneath the antorbital notch the jialatine is a strip, 
28 mm. wide, on the dorsal side of the })terygoicl, but at the front 
end of the pterygoid this part of the palatine is only 5 mm. wide, 
corresponding closely with True's figure (pi. Ivi.). 

In ventral view (PI. II. fig. 4 ; True, j>l. Iv.) the L. palatine 
projects forward to a point situated 23 mm. in front of tlm ptery- 
goid, the B. not quite so far. Each sends a narrow strip ix>uiid 
the front end of the pterygoid to its inner side, and these are 
separated by parts of the inaxill®, together about 11 mm. wide. 
The maxillie are visible further back than the palatines. 
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T4ti» propot*tions of the rotstrum are indicated by the following 
ttible, which gives the height of the rostrum measured in the 
middle Hue, with the greatest width at tlie same levels at a series 
of points (shown in PI. L hg. 2) GO mm. apai*t in the length of 
the rostrum. (Comparison with the same measurements of 
M. deneiroBiriB given on p. 5B0 will show the striking difference 
between the two sjwcies, the height being greater than the width 
in all pBits except the extreme tip in M, defnsirostrisy und. much 
less than the width in J/. 'mints. 



DistHiice iVuiii* 
tip of imtium. 

Height. 

Wulth. 

A 

60 

22 

31 

B . . 

lt»0 

30 

41 

C ... 

IHO 

31 

50 

1) 

240 

40 

<15 

E .. .. 

300 

45 

7<** 

F .. .. 


51 

80 

o 

420 

.>H 

100 

H .... 

. 4 m 1 

Oil 

145 


The great W’idth in the proximal parts of the rostrum of 
J/. mirus is due to the large development of the maxillary flanges. 
'I lie measurement H is practically the width of the rostrum at 
tlie inner notches, as it is only 8 mm. in advance of that point. 

The }>eouUaritieH of the antorbital region liave already been 
<lescribed (p. 552). 

The large b«\ si occipital ridges of the ventral side differ in the 
skulls in which J have coiii[>ared them. In Jf, mints they ar,^ 
much slo|)ed outwards (PI. IT. fig. 4 and True, 1913*, pi. Iv.), 
their posterior halves are subparallel, and their inner surfaces 
have a concavity continuous with that of the median region of 
the skull. The anterior halves are strongly convergent, and pass 
continuously int4» the parts of the pterygoids lying above the 
pterygoid notches. In i/. hjectori the ridges are much more erect, 
their c^^nvcrgence towaids the middle line is uniform along their 
whole length and not very great, and their inner surfaces aiw 
fiat or very slightly convex. The connexion between the ridge 
and the pterygohl is interrupted. In M. hidens the slope and 
convergence of the ridges are as in M. mirtts^ but the inner sur- 
face is flat or slightly concave at the middle. The connexion 
between the ridge and the pterygoid is interrupted. In M. densi- 
roBtriB (PI, II. flg. 3) the ridges are practically straight and con- 
verge but little, their inner surfaces slightly concave at the 
middle, and the connexion of their anterior ends with the ptery- 
goids continuous. Owing to their position, which is more vertical 
than in the other species, the space between them is specially 
wide and deep, and it is not specially contracted in front as in 
M. miruB and M. bidmsy and to a less extent in M. hsetori. 

The tiwnsverse diameter of the presphenoid, at the junction of 
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the basiooccipital ridges with the pterygoids, is noticeably smaller 
in M* hectori and M, deiiairostris than in the other two species. 

Another feature in which M, mirus differs from the same three 
species is the nuissive character of the zygomatic process of the 
squamosal, which is truncate at its anterior end (PI. II. fig. 4), 
where it meets the frontal, and is here 42 mm, across. In the 
other species (PI. II. fig. 3) it is more rounded in front, and in 
none of them does its front end approach the size of the same 
structure in M, mirus^ in which moreover the glenoid cavity 
occupies a smaller proportion of the ventral side of the bone, the 
concavity on the median side of the articulation being wider than 
in the other species. 

On the palatal surface (Jf. mirus) tlie vomer becomes visible nt 
177 mm. from the tip of the rostrum, anti is exposed for 132 mm. 
During most of its course it stands up as a high, narrow ridge, 
bordered by a longitudinal groove on each side. In front of the 
vomer is a median suture between the two premnxilhe, and the 
median part of tlie palate is here a longitudinal ridge, witler 
and less definite than that of the vomer, and l)ordered by longi- 
tudinal grooves continuous with those at the sides of the vomer. 
At 225 mm. from the tip of the rostrum is a palatal foramen, 
from which a groove runs obliquely forwards to join the groove 
at the side of the vomer, near the anterior end of the exposed 
surface of this bone. At the level of these foramina the rostrum 
is 59 mm. wide and 38 mm. deep in the middle line. Further 
hack, ,at the level of the front ends of the palatines, it gently 
convex, without grooves, and is here 104 mm. wide and 58 mm. 
deep. 

Judging by its cranial characters JA. comes nearer to 

JJ. enro'pmm, as described by Van Bcnedeii and CJervais (1868- 
1879, p. 404, pi. xxiv.) and True (1910, p. 11, pis. ii., v., viii.) 
^han to any other member of the genus; a conclusion alreoily 
stated by True (1913^). The two species resemble one another 
in the shape of the base of the rostrum, with its well-developed 
lateral maxillary flanges, in the* conspicuous maxillary tuberosities 
and antorbital notches, in the expandecl, revohite, proximiil ends 
of tlie premaxillse, in the form of the nasals, and in the nearly 
vertical position of the posterior ends of the maxillse. True 
(1913') has called attention to the straighter lateral outline of 
the rostrum in M. minis (convex near the middle in if. europoius)^ 
the more oblique maxillary tuberosities of the former, the pecu- 
larities of the lachrymal, and certain other difiTerences. The 
principal distinguishing feature is the position of the teeth, 
which in if. europmus aie situated slightly in i^dvance of the pos- 
terior end of the short symphysis. 

I have indicate<i aliove (p. 557) my reasons for not accepting 
the union of the two species having the teeth at the anterior 
end of the mandible in the genus Patkea Oliver. The only known 
specimen of if. hectori is the type-skull described by Flower 
(1878, pi. Ixxi. fig. 4 ; pi. Ixxii. fig. 4); and as this is in the 
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British Museum^ 1 am able to adkl tiie foIIo^ving notes with regard 
to its differences, in cranical chatucters, from M, — Its 

oranial portion is relatively much longer than that of M* mirtut^ 
and its rostrum is correspondingly shorter. The Imsal section of 
the rostrum is elongated, resembling that of M. stejnegeri (True, 
1910, pi. iii. fig. 2) or M. grayi (Flower, 1878, pi. Ixxi. figs. 1-3) 
more closely than that of Jl/. mirus, Tlie maxillary tuberosities 
and lateral flanges of the rostrum are only slightly developed. 
The premaxillm are much broader relatively than those of 
J/. mirua, opposite the anterior nares, and their proximal ends 
are not revolute. The maxillte are not nearly so vertical at their 
postei-ior emls, and the tempoi-al fossa is much lower. I have 
(‘ailed attention al>ove to differences between the two species in the 
characters of their antorhital regions (pp. 552-554) and of their 
basioccipital ridges (p. .565). A special j)eculinrity of the skull 
of J/. hrstori is that the thin part of the inesethinoid forming the 
nasal septum has no dorsal sinus and rises as a curved, slightly 
convex border above the levtd of the premaxillte in the region of 
the anterior naves. Otlier differences between the two species 
are to be found in the mandible, as descnibed l)elow. I am com- 
pletely in agreement with Trues statement (1913 ^ p. 657) that 
the skull of J/. hector i “ presents quite different characters from 
that of mirumr 

MamJihle (PI. 111. fig. 6, Pi. TV. fig. 9). —The three specimens 
of J/. mirns agree closcdy, as indicated by the comparison of 
the Jjiscamior jaw with 'Ju ne’s account (191H“) of the Beaufort 
individual and with Prof. Mangaii’s sketches of the Galway 
animal. The very stmight external border of the front part is a 
conspicuous fe^iture. The symphysis* is relatively longer than 
ill J/. enropmus (True, 1910, pi. xi. fig. 6), and hardly shorter 
than in M, hiden^. The apex of the Liscannor mandible is broad 
(44 nun.) and truncate, the jaw reac'hing a transverse diameter 
of 78 inni. opposite the posterior end of the symphysis. The 
teeth are at the extreme anteiior end, those of the Liscannor 
specimen (male) measuring 26 iiini. in diameter, longitudinally, 
at the summit of tlie alveolus, and 14 mm. transversely. They 
are thus strongly compressed, a character noted by True in his 
female s|>eciiueji, in which, as in the Galway individual (probably 
also a female), the teeth are much smaller, with a transverse 
diameter of 9 to 1 1 mm. The free ends of the teeth of the Lis- 
cannor mandible were unfortunately cut off by the finders, and 
their length cannot Iw stated with accuracy. Their greatest pro- 
jection from the alveoli, from which they have not been removed, 
is at present 23 mm. 

The dentary gi'oove is indicated by a row of small foramina, 
and it follows a remarkably straight couiBe from the tooth to the 

• The of the Kyuipky^is is mea4«iir(»d to tlio |>oiiit on either side 

•corresponding with the summit of the arch formed by the two rami, oven though 
aetttfi] union aow not take place for some distance in front of these points (<^.Tnic, 
1918^, pi. Ivii. fig, 2), whidi probably indicate the potential length of the symphysis 
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iieighbourhoofi of the coronoid procesR. The dorsal Burfiuses of 
the two rami, in the symphysial region, are hut aliglitly inclined 
to one another, ro that the symphysis is nearly flat aboYe, as con- 
trasted with M, biclens, in which these snrftices have a much 
greater slope, giving rise to a trough-shaped symphysis. 

Tlie mandible of Jf. h^ciori has a very different shape, being 
narrow and rounded nt the tip, the la tend outlines of the anterior 
parts of the rami not having the straight chiinicter distinctive of 
M. litirus. At from 30 to 140 mm. from the tip the outliije is 
gently concave, an<l the dentary groove is distinctly curved out- 
wards just behind the posteiior end of the symphysis, which is 
flat iiliove, as in 3/. mirus, 

Vertebml column , — The vertebml formulio of the two skeleUms 
of M. mirac seem to be as follows : — 

liiscannor ... 0.7; 1X10; L.10; Oa.lO-h. Totnl, 404*. 

Galway (\7 ; D.IO; L.l 1 ; (Ja.l7 + . Total, 45-h. 

The first three cervicals are fn.sed, and one or more vertebne 
ai'e wanting at the end of the tail, in both cases. In the Lis- 
Ciinnor skeleton one veitebra is certainly missing, and more 
probably two; which woidd raise the total to 48. The formula 
of the Galway specimen is tikeu from Anderson (1910, p. 117), 
who gave no furthei- details. 

The numbers given above are quite typical for Rpecies of 
Mesoplodon, in which the total is 44 to 49, including usually 10 
thoracic (9 or 3 1 occasionally recorded) find 9 to 1? lumbar. It 
must be remembered, however, in com [faring the observations of 
different iiiitliorities, that there is often some unceifainty with 
regard to the denomination of lertebnc at the junctions of the 
thoracic, lumbar, or caudal regions. 

The number of fu.sed cervical vertebra^ is a character of pyste- 
inatic im[)ortance in Ziphiidiie. In Ihjjifroodcn^, all seven are 
ankylosed. In Zvphiua fivim three to six ai'e fused (FJoww, 1878, 
p. 429) ; while in Berard'ms and Mesoploflon’th^ typical nuiiil>er is 
three. In Meaoplodon thei-e are a few' r^cord.s of specimens with 
only the first two vertebras aiikylosed ; but in several of these cases 
the animal is known to have been young, and in each instance 
other skeletons of the same species have three fused cervieals. 
Thus of the skeletons of M, grayi in this condition recordeti by 
Floiver (1878, p. 429) one is knowm to have been young, and tlie 
same is true of the M, layardi recordeil by Oliver (1922, p. 574). 
M. bidena has usually l>een stated to have three fused cervieals, 
but the Kosslare individual in the Britisli Museum was young, 
and two only are fused. 

1 have used the sj^ecinien last mentione<l for comparison, and 
its history may conveniently be given in this place. It is No. 43 
of my R^i*t No. 2 on British Btranded Whales (191S, pp. 6, 7, 
10), and it has been registered wdth the numl>ers 1914.9. 28. 1. 
It was stranded alive at Bosslare, Co. Wexford, and as it was 
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received in ihe flesh at the Museum it was possible to ascertain 
its sex (feuiale). The mandibular teeth were concealed beneath 
the gum during life, and in the prepared jaw they barely proiwt 
beyond their alveoli, their apices being directed backwards. The 
total len^h of the animal was 11 feet 10 inches ; and its im- 
maturity is shown by the fact that all the vertebral epiphyses, 
even in the cervical and caudal regions, are easily detachaUe. 
The Liseannor M, mirttSy on the other hand, has all the epiphyses 
firmly ankylosed, even at the middle of the Ixxly, and is thus 
fully adult {ef. Flower, Proc. Zool. Soc. 1864, p. 386). 

The differences between the vertebrsp of these two skeletons 
may be accounted for partly by the difference in age ; and the 
incomplete ossification of some of the neuml ai'ches, tlie ankylosis 
of two only of the cervical vertebi*©, and the delicate character of 
the processes in tlie Rosslare skeleton are probably evidences of 
immaturity. In certain otlier respects, to which I call attention, 
the characters of 3/. imru$ appear to differ from those of 
3/. hide»s. 

M. mxrm (Liseannor). — The fused mass of the first three 
oervicals is of considerable size, its greatest width (across the 
inferior transverse processes of tlm atlas) being 199 mm,, the 
width across the similar processes of the axis 103 mm., and across 
the two articular cavities for the condyles of the skull IIB mm. 
The vertical height of one of these cavities is 78 mm., and tlm 
length of the conjoined centra 58 mm. ventinlly. At its anterior 
end, the neuml ar*ch of the atlas has a deep groove for the sub- 
occdpital nerve, a condition which Flower (1872, p. 225; 1878, 
p. 429) netted as occurriug in Bf.rardim anntxii*. The greater 
{lart of this mass is formed by the atlas, us the uemul arches of 
the second and tliird cervical Is are thin, although the centniui 
of the axis is better developed and 1ms two massive inferior traxis- 
verse jirocesses. The neuml spine is stout and pyramidal, with 
three main faces, and is ilirected obliquely backw ards. It appears 
to belong almost entirely to the atlas, the axis making but a small 
-contribution to the spine, and C. 3 none at all, the fusion being 
very complete in this region. Each of tlm three vertebr® has a 
jmir of inferior transverse processes (parapophyses) in series with 
Those which follow. 11u>se of the atlas are nia.ssive, with a diameter 
of 26 mm. (stouter on the left side) and a length of alK)ut 22 mm«, 
and they are directed slightly backwards. The pam{K>piiy8ee of 
the axis, with a more posterior direction, and situated more 
ventrally, are rather thinner (diameter 20 mm.) and longer 
(31 mm.). Those of C. 3 are very different in form, beiug flat- 
tened in the antero-posterior direction, 18 mm. broad nt the base 
and more or less pointed, their length 39 mm. Tlie superior 
transverse processes (dtapophyses) are repi'esented on the atlas by 

• A nksWton of this species (Urit. Maa 96.11.20.1) has « complete fonnaea fier 
The nerve. 



570 


sin SIDNEY F* HARM&R OK MESOPLODON 


a vestigial vertical ri<lge, on the axis by a more prominent ritige,. 
prolonged ventrally into a short point directed towards the para- 
pophysis, and on C. 3 by a flattened but short process, 23 nmi, 
across at its base. Union of the diapopbysis and parapophysis 
does not occur in these or in any of the other cervicitis, and 
there are thus no complete vertebrarterial canals. 

In the remaining cervicals, definite neuml spines are present. 
The spine of C. 4 is short and vertical, that of C. 5 directly sliglitly 
Forwards, its tip nearly touching the spine of the atlas. C. fi and 
C. 7 are completely ankylosed by their neuml spines, while the 
upper parts of the neural aivhes are united on the left side only. 
The right half of the neural arch of C. 6 is (jiiite free, and it has 
even failed to unite with the left half. (?. 7 appears to form 
most of the neural spine, which is directed slightly forwards, so 
as to he not far separated from that of the atlas. It may be note<l 
that ankylosis of two of the two posterior cervicals has previously 
been recorded by Oliver (1922, p. 570) in a specimen of M, how- 
doinif in which tlje neural arches of 0. 4 and C. 5 were unitetl, 
on the right side only. 

The parapophy.ses of C. 4 ntul C. 5 are long, roddike (thougli 
wider at their bases), and curved backwards, that of C. 4 being 
43 mm, long, and that of 0. 5 36 mm. Those of C. 6 are mncii 
larger, laterally compressed and directed more ventrally than 
their predecessors, with a greatest diameter of 21 ram. and a 
length of 36, 30 mm. (11, L). C. 7 lias definite indications of 
parapopbyses on the ventral side of the facet for the capital uin 
of the first rib, which is situated between the diap- physis and 
parapophysis. On the right side the proce.sss is conical and 
J6 mni. long, in series with the otlier similar preces.ses, while on 
the left side there is merely a low tubercle in a correspond ing 
position. Diapopbyscs are not well devcIoj)ed in C. 4-6, being 
small triangular lobes in C. 4 and C, 5 and vestigial in C. 6, The 
only vertebm in which the diapophyses are really strong is C. 7, 
in which tliey are large flattened wings inclined forwards, like 
the base of the neural arch from wliich they arise, and are 
twisted in such a way that the upper edges lie in advance of the 
lower. They are 23 nnu. long and 27 mm. high, and they project 
outside the corresponding processes of the two vertebne next in 
front. 

M. hidens^ jiiv, (Rosslare). — Veiiebral formula, C. 7 ; D. 9; 
L. 11 ; Oa. 18 f -f 17). Total, 46. It is probable that not more 
than one vertebm is wanting at the tip of the tail. The neural 
arches are impeifectly ossified, those of C. 3 and C. 4 being in- 
completely closed doi-sally ; C. 5 being just complete but without 
a neural spine, C, 6 having a short spine, and C. 7 a longer one. 
The ankylosed atlas and axis have a dorsal, massive portion corre- 
sponding with the base of the neural spine in M, mirus^ but no 
actual spine is developed. The neural spines are all nearly erect, 
and there is no approximation of the spines of the two ends of 
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the neck. The forAmeu for the suboccipital nerve is completely 
closed, a condition described by Flower (1878, p. 429) in M. grayi ; 
but differing from the open groove of M. mirm. The ankylosed 
atlas and axis measure 128 mm. across the parapophyses of the 
atlas, and 135 across those of the axis. The width is thus greatest 
across these processes, not across those of the atlas as in M, mirus. 
The distance across the two articular cavities of the anterior side 
is 100 mm., while the vertical height of one of the cavities is 
61 mm. Tlie antero-posterior lengtii of tlie fused Inxlies is 38 ram. 
ventrally. As in M, miriut, the greater part of the iniiss is formed 
by the atlas. The parapophyses agree in general with those 
of the same s[>ecieR, but that of the axis is weaker and is com- 
pressed anteru-ptwiteriorly. Those of 0. 3-5 differ moreover by 
be,ing high and much compressed nnteio-posteriorly, the vertical 
diameter in C. 4 being 20 mm, (L). In C. 5 tiie processes aro 
somewhat twifcted, })rojeciing fui*ther ventrally than their pre- 
decessors, wliile in 0, 6 they resemble those of M. minis. In 
C. 7 they are represented by mere vestiges, with a relation to 
the facet for the rib as in tliat .species. The short diapopliysis of 
the axis is connected with the base of the para^mphysis by a thin 
slip of hone, on each side; and typkial, small vertebrarterial 
canals. 15 mm. in height (li), are tlnis formed. The posterior end 
of the siime vertebra is ju'ovided with a sepamble epiphysis. The 
vertebrarterial canal of 0. 3 is complete on the left side, and 
nearly complete on the riglit. The canal is indicated, but is in- 
complete external!}’, in 4 and C. 5, while in 0. 6 the two 
processes are so divergent that the canal is not apparent. I'he 
diapophyses are thin and triangular in 0, 4 to C. 7, the Inst of 
which is the strongest, and is diractcnl forwards as in M, minis. 

It seems probable that some of the differences between thetwo^ 
Specimens do not depeml on age. There ap|iear to be real dis- 
tinctions l>otweeu the two species in the form and proportions of 
the diapophyses and p:u’apophyses. J/. mirus is remarkable for 
showing no tendency to form closed vertebrarterial canals, while 
the absence of a coujplete foramen for the suboccipital nerve is 
another noteworthy future. 

Thoracic vertehnc and ribs,-- I have not noticed any differences 
in principle between the two species in the chai'acters of these 
vertebric, which form a series in which the length of the centrum 
and the size of the neural spine prograssively increase, in passing 
backwards. Thu.s in M, mir%is the centrum of D. 1 is 28 inm. 
long, of D. 2 36 mm., and of D. 3 50 mm. The facet for the 
capitulum of the secoml rigiit rib is inconspicuous in D. 1, but 
the facets are otherwise sti-ongly developed in D. 1-6. Thoj-e' 
for the tubercles of the ribs are conspicuous in D, 1-7. Meta- 
pophyses commence in D. 3, where they have the form of 
strong, forwardly* directed hooks, best developed on the right, 
side. 1). 1-7 are pravided vuth diapophyses given off from tha 
neural arches, but this series ends abruptly wdth D. 7 ; D. 8-10^ 
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iiRving parapopbyses only *, on D. 10 resembling the following 
lumbar processes except by haying articulations for libs, confined, 
however, to the posterior parts of the processes* In B. 7 distinct 
vestiges ai the patapophyses are present, on the anterior half of 
the centrnm, below the articoktions for the tubercles of the ribs ; 
while in D. 6 there is a small conical tubercle in the corresponding 
position, on each side. The ribs are 10 in number on each side, 
though the possibility is not excluded that there may have been 
a pair of vestigial eleventh ribs; and the first seven ribs are 
provided with capitulom and tubercle. The first rib articulates 
with the seventh cervical vertebra by its capita lum, and with 
the transverse process of the tii*»t thoracic by its tubercle ; tlie 
others with a corresponding relation to the subsequent vertebne. 
The first and second ribs tire specially broad and strong, the 
hrst being 100 mm. across at its dorsal end, and 39 mm. at its 
smallest part, 115 mm. from the ventral end. Measured in a 
straight line, the first ribs are 385 and 391 nun. long, the second 
pair 535 and 538 mm., and the fifth jmir (the longest) 723 inra. 
The dorsal end of the tenth rib is nob developed on the right 
side, where it comes to a point, incretising in size ventrally. 

The centrum of D. 10 is 102 mm. long, its transverse processes 
294 mm. from tip to tip and 65 mm. in diameter at the middle, 
expanding slightly at the outer ends. The neural spine is 
260 mm. high, roeasure<l from the neural canal, and its aiitero* 
posterior diameter is 75 min. The neural spine of I). 1 is much 
smaller, 128 mm. high, 39 mm. in greatest antero-posterior ilia- 
meter and becoming narrower doimlly, where it entls in a rounded 
tip. From about D. 5 the neural spines increase rapidly in 
height and width, becoming truncate and expan<led <lorsaliy, a 
process which is continued in the hunljar series. A ventral 
(*arina is beginning to be indicuted in 1). 8, becoming distinct in 
D. 9 and 10. 

In if. bidens (Rosslnre) I). 1-7 have diapophyses only, except 
that 1). 7 has slight longitudinal ridges on tiie anterior half of its 
centrum, apparently vestiges of the parapophyses ; while B. Sand 
9 have paraj>ophy8es only. The first seven ribs have capitnlnm 
and tubercle, and articulate as in Jf, mirutt. The eighth and 
ninth rib* are not “ two-headed," and they articulate with the 
parapophyses of the corresponding vertebr®, Metapopliysee are 
first distinguishable on D. 6, where they are just indicated. Nine 
pairs of ribs are present, the fiii-st two paira liaving the same con- 
formation as in if. miru$, but being much smaller. Thus the 
<]imensioAS of the first rib are: — length 255 mm.; diameter, 
dorsalty, 58 mm.; at its smallest part, 70 mm. from the ventral 
end, 33 mm. The second rib is 359 mm. long. 

Lumbar vertebrm, — (1) M. mirm. Tlie increase in size con- 
tinues, aimost to the end of the series, particularly in the length 

^ I hope to have anotlier opportniiity of diicuesing the etgnifieiiiioe of thie 
remarkably abrupt change, which in specially characterietic of ZipUidw find 
Wiyseterid®. 
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of the centrum and the height and diameter of the neural spines. 
In a genus remarkable for the great development of the neural 
spines^ mirus has these structures s|)ecial1y large, their anterior 
and posterior borders being nearly parallel, the dorsal borders 
truncate. The greatest size is readied near tlie end of the lumbar 
series, the maximum measurements being: — greatest height, 
450 mm. ; width across transverse processes, 323 mm. ; length of 
centrum, 160 mm.; height of neural spine, from neuml canal, 
335 mm. ; antero-posterior diameter of neural spine, dorsally, 
131 mm. ; at its middle, 87 mm. The ventral carina, which com- 
menced in the posterior thoracic region, continues through the 
lumbar series, where it is strongly marked. 

(2) d/. hidem. The lumbar region resembles that of M, minis ^ 
but the vertebrae and their processes are conspicuously smaller. 
Tlie largest vertebra, towards the end of the lumbar region, 
measuies : — greatest height, 291 mm.; length of centrum, 
103 mm.; height of neuml spine, 192 mm.; antero-posterior 
diameter of neural spine, dorsally, 75 mm.; at its middle, 
55 mm . The ventml carina is well marked throughout the lumbar 
series. 

Caudal rertelrrcs. — The scries diminishes in size from front to 
back, in both species ; in M. mints, lupidly after Ca. 5. Instead 
of the single carina of the lumliar vert^hrie, Ca. 1 has two ridges 
posteriorly, for tlie articulation of the chevren-bone. The last 
vertebm with a neural arch, corresponding, os is known in other 
s[>ecies, with the commencement of the tail-flnkes, is Ca. 1 1 in 
M. minis, and Ca. 8 in Jf. hidens. The last distinct zygapophyses 
are on Ca. 8 and Ca. 6, respectiveh^ In M. minis the only 
vertebra with a perforated transvei*se process is Ca. 7, on the 
right side only. In d/. hidms the 2 >rocesa is j^erforated, on the 
left .si<le only, in Ca. 4 and 5, and on both sides in C^a, C, after 
which tninsvei*se processes cense to bo distingiiisliable. Ca. 4 
has a wide enmrglnntion on the right transverse process, corre- 
sponding with the foramen of the other side. Tlie number of 
chevron-lxmes which have been jn eserved * is 9 in d/. minis, and 
7 in d/. hidens, 

tSter^nntn (PI. IV. fig. 7). — The sternum of Jf. minis has a con- 
siderable resemblance to tJmt of d/. deasirostris, as figured by 
Andrews (1914, pi. xviii, fig. 1), jwticulnrly in the large size of 
the first segment and in the small size of the median fontanelles. 
These aj>ertures are, relatively, much larger in the young 
AT. hidetts; but this particular difference is no doubt due [partly 
to immaturity. Prof. Mangan has sent me a drawing, natural 
8120 , of the sternum of the Galway M, mints, indicating, by com- 
parison with the Liscannor specimen, that the chai’acters are 
variable in the species, or that tlie male ana female are not 
altogether alike. The more noteworthy differences are as 
folloWft : — The second and third segmenis are relatively shorter 
in the Galway specimen, the foui’th segment is bifurcated 
posteriorly, and the fontanelles are much larger. The last 
Pitoc. ZooL. Soc. — 1924, No. XXX VIII. 38 
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difference, at any rate, is probably a function of age, the Galway 
specimen having been recorded as 14 feet long, and the liscannor 
animal as 1 7 feet. In both specimens the fourth or last se^ent 
shows a fontanelle near its middle, indicating that two original 
segments have fused. 

The following table shows the dimensions of the various parts 
of the sternum in M, mirua^ those of the Galway specimen having 
been measured from Prof. Mangan’s drawing, which was probably 
not intended to give the sizes to the nearest millimetre. S^~S^=r 
segments of the sternum; Fi-F^«fontanelles. The measure- 
ments, in millimetres, are taken so as to give the largest 
diameters of the parts indicated. 
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It will be seen from these measurements that, in both speci- 
mens, the first segment is definitely longer than wide. In the 
Liscannor sternum the second segment is as long as wide ; but, 
with this exception, segments 2 and 3 are wider tlian long. The 
fourth segment is longer than wide in both specimens, h\\t as it 
represents two fused segments, it is really composed of two }>arts, 
each of which is wider than long. 

The predominance of the first segment, and the fact that it is 
longer than wide, appear to be characteristic features of Meaoplo^ 
don, judging by published figures and descriptions. The only 
exception I have noted is a sternum of M. howdoini recorded by 
Oliver (1922, p. 571), in which the first segment, although the 
longest of all, is rather wider than long. In Berardiue, wdth five 
distinct segments, B, arnuxii hfis the first segment slightly wider 
than long (Flower, 1872, pi. xxvii. fig. 3) and B. hairdiihsA the 
two measurements equal (True, 1910, pi. xxxii. fig. 2). Ziphiua^ 
also usually with five segments, has the first segment wider than 
long or the two measurements subequal (True, 1910, p. 45)* 
Eyperoodon has only three segments, of which the first is about 
as wide as long (Vrolik, 1848, pi. viii. fig. 17). 

The sternum of i¥. mirus resembles that of other species of the 
genus in bearing articulations for five pairs of ribs, the first in 
the anterior half of the first segment, the next three at the 
junctions of the four segments, and the fifth on the last segment, 
opposite the median fontanelle. 
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Scapula. — (1) if. mirm. The scapulse are both imperfect, 
especially along their dorsal border, so that the height cannot be 
given with accuracy. They are considerably longer than high, 
the length being approximately 380-396 mm., and the height at 
the middle 260 mm. The acromion curves slightly upwards, its 
lower border l)eing nearly parallel to the upper border of the 
coracoid process. The coracoid process is smaller than the 
acromion, and it expands regularly from its base to a region not 
far from the tip. Length of ocrouiion, 130 mm.; width (L), 
51 mm., the right rather narrower, ijength of coracoid process, 
104 miri.; width at base, 35 mm. ; diameter, oblique, of widened 
distal end, 58 mm. 

(2) J/. hidens. Scapula longer than high, the acromion 
straight and short, its lower border slightly diverging from the 
upper border of the coracoid process, which is no^ fully oj^sified. 
Length of scuipula, 244 mm.; height at middle, 157 mm.; length 
of a(!romion, 61 nun. ; width at base, 33 mm. ; length of coracoid 
prcM'ess, 50 mm. ; width at middle, 19 mm. 

Flippers , — One of the flippers of the Liswinnor L, mints is 
wanting, and tlie other is U»o incomplete to describe. The 
humerus is 139 mm. in greatest length, and C4 mm. in diameter 
at its lower end. 

Mksoplodox densihostius (de Blainv.) .♦ ( Plates I-IY, figs. 1, 3, 
5, 8, 10; text'fig, 2, p. 551, f.) 

J)elphinus densirostris <le Blainville, 1817, Nouv. Diet, Hist. 
Nat. 2^ fid, ix. p. 178 (A). 

Ziphius secheUensis Gray. 1846, Zool. ‘Erebus' ami ‘ Terror 't, 
]). 28, pi, vi. figs. 1, 2 (skull and lower jaw) (H). 

Dioplodon deitsirosiris Gervais, 1850, Ann. Sci. Nat, (3) xiv\ 
p, 16; 1852, Zool. et Pal. Fran 9 ., vol. ii. Expl. of jil. xl. 
and Atlas, pi. xl. figs. 3-6 (skull, lower jaw)i; 1859, 
Ibid, 2^ fid. p. 289, pi. xl. figs. 3-0 (B). 

Mesodiodoti densirostre Duvernoy, 1851, Ann. Sci. Nat. (3) xv. 
p, 58, pi. ii. figs, 4-4" (skidl and lower jaw) (B). 

Diophdon seclielleusis Gray, 1866, Cat. *Seala and 'Whales 
Brit. Mus. p. 355 (B); 1871, Ibid, Suppl. p. 102, fig. of 
skeleton, p. 103(C); 1870, Ann. Mag, Nat, Hist. (4) vi. 
p. 343, fig. of skeleton (C); 1868, Syn. Whales and 
Dolph. Brit. Mus. p. 10, pi. vi. figs. 1, 2 (Ziphius secheU 
lensia on Plate, which is identiciil wdth Gi*!!)’, 1846, 
supra) (B). 

• The lettem in bracket* correspouil with the liit on p. 676, and indic.ate the 
Bpochnena »pecin11v referred to. 

t The copy of thin work in the BritiKh Masentn (Natnral History) contains a 
Rood flliolojrnph (unpubliahed) of a lower jaw, the right tooth in place and the 
left lying on the stand on which the jaw ia mounted. The teeth are of the male 
^yp®/und the photograph may be the one referred to by Gray (1870, p. 344) a» 

having heon aeiit to him by Mr. Krefft (specimen C). 

z I liavtt been unable to consult the plates of tlie First Edition of Gervais’ work, 

38* 
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Diophdon sechelUime Krelft, 1870, Proc. Zool. Soc. p. 426 
(mostly reproduced by Gray, 1871) (C). 

Dioplodon densirostris Scott, 1873, p. 118 (C). 

Jlesoplodon densiroatris Flower, 1878, Trans. Zool. Soc. x. 
pp, 416-418 (B, 0, D); Flower & Garson, 1884, Cat. 
Ost. B. Coll. Surgeons, Pt. ii. p. 561 (D). 

J[>io]ilodon denairoatria and Z>. aechellensia Van Beneden & 
Gervais, 1868-1879, Osteogr. Cetaces, p. 406, pi. xxv. 
figs. 1-1 c (rostrum) (A), figs. 2-2 fZ, 3-3 « (skull and 
lower jaw) (B) ; pL xxii. fig. 9 (skeleton) (C). 

Ziphim denairoatria Owen, 1870-1889, p. 34, text*fig. (skull 
and lower jaw) (B). 

Mesoplodon hidena (pars) G. M, Allen, 1006, p. 357, text-fig. 3, 
p. 363 (tooth), text-fig. 4, p. 364 (sternum) (E). 
Mesoplodon dejutirosiris True, 1910, U.S. Nat. Mus,, Bull. 73, 
pp. 2-4, 9, pis. i., iv., vii., x. figs. 2 (skull), pis. xxxiv- 
XXX vii. figs. I (tympanic and jieriotic) (E). 

Mesoplodon dfnsirostris Andrews, 1914, Proc. Ac. Nat. Sci, 
Philadnlpliia, p. 437, pis. xvi. xviii. (external appearance, 
skull, lower jaw, sternum and vei tebrse) (K). 

Tlie previous records of the species appear to ))e as follows: — 

A. Part of A rostriuii, 9 inches long, of unknown origin, in the 

Paris Museum (type of the species). 

B. 8kull, also in the T^nis Museum, sent from the Seychelles 

by M. Leduc in 1839. Gray gave it the name of Ziphivs 
aechellensisj and later h>llovve<l Gervais in placing it in 
J)loplodov, 

C. Skeleton, nearly complete, in the Sydney Museum, from 

Lord Howe Island. 

D. Bostrum (No, 2908), from the shore near Algoa Bay, South 

Africa, in the Museum of the Boyal College of Surgeons, 
London. Presented by C. Westendorp, 1872. 

E. Skeleton, in the Museum of the Boston Society of Natural 

History (TJ.S.A.), of a specimen described as a young 
femah?, 12 feet 2 inches in length, from Annis(]\iain, 
Massachusetts Coast, August 1898. 

F. Skeleton, in the Academy of Natural Sciences, Philadelphia, 

of a fully adult animal, 14 feet 5 inches long, obttiined 
June 18, 1913, at Corson’s Inlet, New Jersey, U.S.A. 

To these has now to be added the following specimen, of which 
I give a description below. 

G. Skull, nearly complete, with part of the lo\vcr jaw, wanting 

the teeth, of a specimen stranded at Porto Santo, Madeira, 
in 1917, 

» 

It will be seen from the above list that this species has a wide 
distribution ; being known to occur off the E. coast of Australia 
(C), and South Africa (D) in Southern waters, at the Seychelles 
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(B), in the Indian Ocesn *, and in the Atlantic (E, F, G). Like 
the 8j)ecimens of M. mirus noticed above, the Poi*to Santo speci- 
men extends tlie range of a species previously known as a Western 
Atlantic species to the Eastern side, i am indebted to Mr. R, H. 
Burne for having lent me the rostrum (1)) belonging to the Royal 
Oollege of Surgeons. 

This remarkable 6|)ecies, distinguished fiom all others by the 
characters of its lower jaw and rostrum, was naincMl from an 
imperfect rostrum (A), about 9 inches (230 mm. long), of unknown 
locality, in the Paris Museum. Van Beneden and Gervais state 
(p. 406) that de Blainville mistook this specimen for a lower jaw; 
l>ut, in justice to the original describer, it should be pointed ont 
that his actual words are “Oe fragment qui pr68ente la poiiite de 
la ni^ihoire superieure.” Gray unnecessarily proposed a new- 
trivial name, seckeUensis, for specimen B, while a<lmitting datsi- 
rostris into his synonymy. B and C are the only ones in which 
large teeth, presumably of the male typet, have been observed. 
In 1910 True piibli.sbed an account, mainly of a female skull (E), 
which he referred doubtfully to ibis species, quoting observations 
by Glover M. Allen (1 906 ) on its external appearance and skeleton. 
The i»ext r(‘Cord (F), hy R. 0. Andrews, is particularly intere.sting 
in including a figure of the animal in the flesh, with a descrip- 
tion of the skull and other parts of the skeleton. 'J'he teeth 
figured by him appear to be of the female type. He expresses 
the opinion, with which 1 concnr, tliat True's sj)ecimeu (E) 
cei*tainly belongs to this species. It will be seen tlmt the 
recorde<l occurrences of M, densirostris have been very sj)oradic 
(Heychelles, S, Africa, Lord Howe Island, Western North 
Atlantic). 

During a visit which I made to Madeim in the spring of 1923, 
Senhnr A. C\ de Noronha showed me a skull in his possession, at 
the Museum of the Heminario, Funchal. It obviously belonged 
to J/. df>)isirostnfi, which, although reconled from the Western 
North Atlantic by True and An<lrews, had not l)een found pre- 
viously on the Eastern side of that ocean. Benlior <le Noronha 
liad the great kindness to make arrangements for the trjuhsfei ence 
of the skull to the British Museum, where it is now preserved; 
and he gave me the following account of its history ; — The animal 
was stmnded on the Lsland of Porto Han to, Madeira group, in 
1917, having been trap|>ed by a sand-bank extending along the 
coast of the “grande plage,’’ and thus liaving been unable to 
escape when the tide fell. The head was separated from the 
body by his father, the late Senbor A. N. de Noi'onha, and after 
having been cleaned by being buried in the sand, it was sent to 
Madeira in the following year. No notes were kept w-ith regard 
to its siKe, sex or external characters. The large sixe of the 
alv^li of the mandibular teeth point, however, to the animal 

• Weber (10S3, p. 8) meutions a record from tbo Malay Archipelago, but he is not 
Mtiafted that it can be accepted. 

+ Thia cottcluston i» statM by Owen (1870-1880, p. 84). 
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having been a nmle« The measurements and special description 
which follow refer to the Porto Santo specimen unless the 
contrary is stated. 

SkuU *y dorsal view (PI. I. fig, 1 ). — The rostrum is highly ossifie<l 
throughout, and to such an extent that the premaxillte in particular 
have lost their distinctness of outline. The mesorostral risM's 
definitely above the level of the preinaxillie at its posterior end, 
which lies neiirly in the transverse plane including the anterior 
en<ls of the pronnrial expansions of the preniaxilhe. It becomes 
lower in passing forwards* but it remains s!if*htly above the pre- 
inaxilhe throughout the posterior half of the rostrum. It is so 
intimately ankylosed with the adjacent l)ones that the point at 
which it terminates in front cannot be ascertained. 

Between the prenarial expansions ot the [>reiuaxill*e the 
thickened edge of the niesethnioi<l is dee]>ly depressed, but the 
bone rises to a higher level at the front of the nares. It hero 
forms a thin internasal septum, in which is a deep and narrow 
sinus, limited in front by a portion which rises abruptly from 
the depressed thickened edge, and behind by another {K)i'tion* 
passing above the level of the premax illte, and ending in a free 
edge thickened as a short triangle having its base in contact with 
the nasals. 

The antorbital notches are distinct, the interval between their 
deepest portions being 18t) mm., which may be regarded as the 
width of the rostrum at its base. The characters of the ant- 
orbital region have been described above (p. 552). Maxillary 
tuberosities are barely indicated, and the maxi*lary tul)ercles 
are indistinct. Behind tho tubercles the dorsal surface of the 
rostral portion of the maxillaR becomes condave, and this confor- 
mation is accentuated further back. The concavity increases 
until it finally becomes a complete tube at the posterior end, 
wliere it is continuous witli the maxillary foramen. It is possible 
that this tubular portion has been formed by a concrescence of 
adjacent parts of the maxilla and preinaxilla. True (1910, p. 9 ) 
has already commented on the deeply grooved character of the 
maxillae in this region. He obviously regardetl the point at which 
the tube becomes an open groove as the maxillary foramen, 
which he accordingly described as being in front of the pre- 
maxillary foramen. If tlie alxjve suggestion that concrescencf> 
has occurred is correct, the maxillary foramen is situated behind 
its apparent opening. On the left side tlie posterior end of the 
groove is sharply pointed, and exactly the same feature is 
seen in the College of Surgeons rostrum (I)) and in True’s figure 
(pi. i. fig, 2). On the right side the corresjwnding part is 
rounded, but the rostrum I) is broken at this point, the frac- 
ture passing along the right maxillary foramen. The interval 
between the posterior ends of the grooves is 65 mm, in the 
Porto Santo skull. 


* For measnrements see table on p. 660. 
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The premaxillary foramina are small, and are 31 mm. apart. 
The exposed surface of the mesorostral diminishes gradually in 
width in passing forwards, and, so far as can be seen in the 
eo-ossified mass, the interval between the premaxillse is not more 
than 3-4 mm. at a point 220 mm. from the tip of the rostrum 
The premaxillsB then divaricate gradually to the tip, which is 
bifid; and just behind the tip their dorsal edges are 13 mm, 
apai*t. 

At the inner notches, which are about 40 mm. in advance 
of the antorbital notches, the rostrum is 95 xnm. wide. The 
maxillary flanges, which commence at the maxillary tubercles, 
are small, with a maximum diameter of 25 mm., and they dis- 
appear at about 80 mm. in front of the inner notches. Their 
general line is continued, shorth’^ in advance of this point, as the 
upper or median limit of a very shallow groove, the floor of which 
is formed by the ivory-like laxne which constitues most of the 
rostrum. About 120 mm. in front of the inner notch the edge 
commences to rise again (PI. Til. fig. 6), passing down the side 
to the ventro-lateml surface, where it becomes strongly marked, 
adding appreciably to the widtli of the rostrum. The part of the 
rostrum which lies between 300 and 400 mm. from its tip is dis- 
tinctly compressed laterally, and ifes greatest width is only 48 mm. 
at a distance of 330 mm. from the tip. In front of this part the 
rostrum widens to 61 mm., largely owing to the strong projection 
of the above-described ridges, which are now ventro- lateral. In 
this region the rostrum is narrow doi^sally and broad ventrally, 
so that its tmnsverse section would be sub-triangular. The 
dorsal surfaces of the premaxi 1 lie have here assumed a lateral and 
sub- vertical position. 

Behind the rostrum the premaxillae form the usual prenarial 
ex[)ansions, their gr'eatest width being 50 mm. (11) arid 41 mm. 
(L). Their least width, opposite the anterior nares, is 33 mm. 
(11) and 25 mm. (L). They expand as they rise behind the 
nares, and at the level of the edge of the mesethmoid in contact 
with the nasals they have reached a width of 54 mm. (R) and 
40 mm. (L). The proximal edges are but slightly revolute, but 
the end of the left premaxilla is broken off, and its shape cannot 
l>e stated. The prenarial expansions are so slightly convex that 
they are pmotically flat. They are traversed by a shallow groove, 
which starts from tlie premaxillary foramen, immediately bifur- 
cating, the outer branch pjissing in a curve backwards along the 
outer border of the exjxansioii, the inner branch passing obliquely 
across the expansion to the hind portion of its straight inner 
edge. 

As compared with M, mirm the orbital plates of the maxill«e 
slope inwards and upwards to the vertex, without assuming so 
completely vertical a position as in that species. The frontal is 
uncovered, at the middle ef the orbit, for a width of only 3-4 mm. 


• As in fljr. B, the rostrum of fiff. 1 is marked by paper slips SO mm. apart. 
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The edge of the maxilla continues backwards behind the orbit, 
the uniformity of the curve being interrupted above the anterior 
part of the temporal fossa. At the vertex the maxillte form 
rather short lobes behind the raised premaxillary crests, and their 
edges are thin, instead of being thickened as in iV. mirus. The 
principal measurements of these parts of the maxillie ai'e : — tip 
of maxillary tubercle to hind end of maxilla, 242 n»m. ; width of 
maxilla at middle of orbit, 105 mm.; edge of maxilla at middle 
of orbit to edge of dorsal part at vertex, 208 mm. ; length of 
dorsal j)art of maxilla behind premaxillary crest, 40 mm. 

The nasals are much smaller than in M. mirua^ both consider- 
ably below the level of the premaxil}a\ and the outer lobe of the 
right bone not reaching the summit of the premaxillary crest. 
The outer lobe of the left nasal is wanting, with part of the pre- 
maxillary crest and of the frontal on the same side. Tiie nasals 
have a very small horizontal component, and their suture, 43 mm. 
long, is almost entirely vertical, their anterior surfaces forming 
the hind wall of the commencement of the nasal passages. 

The malars are visible, in dorsal view, at the posterior end of 
the antoi’bital notch, the longitudinal diameter of the p»\rt here 
exposed being 8 mm. (R) and 5 mm. (L). 

Lateral view (PI. III. fig. 5). — This view shows one of the most 
characteristic features of the species,-the form and the prof)ortions 
of the rostrum, which is deeper than wide along its whole length, 
except close to its two ends. Tiiis fact is brought out by the 
following measurements, taken at regular intervals of (>0 mm. 
from the tip, as marked on the skull. Tlie height :s measured in 
the middle line, wdiile the next column gives the greatest width 
at any part of the transverse section. 

Distance from 




tip of rostrum. 

Hcijrht. 

Width. 

A . 



60 

28 

28 

11 


120 

14 

38 

C . 


180 

o7 

62 

I) . 


. . 2i0 

70 

61 

E , 


300 

87 

61 

F . 


360 

04 

65 

G , 


420 

103 

72 

H . 


480 

116 

98 ♦ 


These measurements show that the rostrum diminishes in 
height from its base to its tip, but that in the region E*“F it is 
more compressed laterally than in front and behind. H lies 
about 25 mm. in front of the premaxillary foramen, G behind the 
anterior end of the pterygoid, and F behind that of the palatine. 
The dorsal outline is slightly concave from B to E, gently convex 
elsewhere. The ventral outline is slightly concave tehind E, 

^ Thh is the width at a point equidistant from the dorsal and ventral sarfiaces. 
Measured so as to include the nazillary tubercles, the width is 168 ntm. 
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then convex, moit so between D and E, and again concave, mostly 
»below B. The dental groove is very shallow, its floor beingformed 
by dense, ivory-like bone like that of most of the rostrum ; and 
in this specimen, which is obviously adult, the basiiostral groove 
which Flower (1878, p. 418) describes as deep, does not exist 
except as a vestige. The groove is bordered dorsal ly by a sharp 
ridge, which is obsolete at F, re-appearing between F and E. The 
ridge commences at the maxillary tuljercle, where it constitutes 
the edge of the small latertil dange of the maxilla. After dying 
away at F, it continues its course down the sides of the rostrum 
to near its ventral side, between 0 and 1). At D, where it 
reaches its greatest development, it is a strongly-projecting ridge, 
which projects outwards and downwards, and the presence of 
these ridges, on the two sides, m iterially adds to the width of 
the rostrum in this region. At 0 the ridge is diminishing in 
height, and it has almost disappeared at B, while at A it is just 
indicated as a slight rounded longitudinal swelling. 

The rostrum in the College of Burgeons agrees closely with the 
Porto Santo rostrum in the extent of its ossification, particulaidy 
of the mesorostral bene. Its actual measui*ements are rather 
smaller, but its size has probably been appreciably diminished by 
)>eiug Avaterweru. Making full allowance for this, it seems te 
liavo been more slender than the Porto Santo rostrum, but did^ 
not dififer fi*om it much in length. It may be estimated tliat a 
length of about 70 mm. of the tip of the rostrum has been lost 
by wear, the total length of the fragment being 5(X) mm. It has 
been broken off at the level of the maxillary foramen on the right 
side, and somewhat Whind this point on the left. The distance 
from the tip to the anterior vertical edge of the internasal septum 
is 408 min., which, on the above estim.ate, would be 538 mm. if 
the ti]) were complete. Tlie corresponding measurement of the 
Porto Banto skull is 503 mm. 

In the anlorbital region the lachrymal is barely visible in 
a completely lateral view, but if viewed slightly from the 
ventmi side its characteristic thin edge cixn be seen, considerably 
overhung by the frontal. Posteriorly, where its edge is slightly 
thickened, it is even more overhung, and is directed more ven- 
trally than laterally. The temporal fossa is not nearly so deep 
posteriorly as in mirusy its greatest vertical diameter being 
62 mm., and its length, measured obliquely to its anterior point, 
l>eing 95 mm. The oval groove on the outer side of the stjuamosal 
is much shallower than in M, mvrut. The pterygoids are injured 
ventrally. Their posterior notch is nairow, more so ventrally 
than further dorsally, and their external concavity is not sub- 
divided* The palatines are 56 mm. high below the antorbitel 
notch, diminishing suddenly at the anterior end of the pterygoid, 
and there 22 mm. high. A consid^Ue strip of the palatine, 1 1~ 
16 mm. wide, is visible (in ventral view) on the inner side of the 
pterygoidf reaching back for about 165 mm. from the tip of the 
palatinei and asoending up the inner side of the pterygoid. 
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Ventral vim (PI. II. fig. 3). — A few minute foramina for 
vessels or nerves are visible in the dentary groove, in a series 
extending from the tip of the rostrum to about half-way between 
0 and D. In consequence of the co-ossification of the bones, the 
limits of the vomer are uncertain. The palatal surface has a 
longitudinal, median ridge in front, from about A to D, with 
foramina much as described in Jf. mirus. The next part of the 
ventral surfivce then becomes uniformly convex, to just beyond E, 
where the median ridge re-forms, and becomes prominent between 
the tips of the palatines and of the pterygoids, the tips of which 
are 34 mm. behind those of the palatines. 

Mandible (PI. IV. figs. 8, 10). — Although the mandible is in- 
complete, it is fortunate that the anterior part of the left ramus 
overlaps the posterior end of the right ramus, so that every part 
except the teeth is represented. The portions preserved are (a) 
a piece about 455 mm. long, including the right ramus, complete 
to just behind the dorsal prominence l)earing the tooth, and the 
anterior part of the left ramus as far as 255 mm. from the tip, or 
just in front of the tooth-region ; (h) the posterior part of the 
left ramus, about 370 mm. long, complete from the posterior 
border of the tooth-region to the condyle. It seems clear that 
the left ramus had been broken in order to extract the tooth 
^ (wanting on both sides), i.nd the right side is marked by cuts of 
some sharp instrument. The length of the mandible, when com- 
plete, appears to have been 660 mm., and its principal measure- 
ments are as follows : — 


A. Height of ramus (outer border), 90 mm. from tip . .. 45 

B. „ „ at posterior border of symphysis .. 72 

C. „ „ at anterior end of alveolus 137 

I). „ „ at posterior „ „ . 167 

£. „ „ 16 mm. l)ehind raised dorsal part 133 

F. „ „ at posterior end 128 

G. „ „ condyle 45 

H. Tip to anterior border of alveolus (straight) . 262 

I. Length of alveolus 72 

J. „ post-alveolar raised part 105-120 

K. „ posterior lower part (upper border) 216 

L. „ symphysis . 197 

M. Width of jaw, 90 mm. from tip 53 

N. „ „ at posterior end of symphysis lOi 


The jaw is narrow at its anterior end, the ventral outline being 
here nearly straight. The ventral border then turns up, at an 
angle of 30®, from just in front of B, and from there to E is 
distinctly concave, after which it becomes nearly straight to the 
posterior end. The dorsal outline is at first straight, then 
sweeping up in a bold concavity, the middle of which is in front 
of the posterior end of the symphysis. The alveolus commences 
at the end of this concavity, and its opening continues to asciend. 
so that it faces to some extent anteriorly as well as dorsally. 
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Behind the alveolus the outline of this part of the jaw, which is 
much elevated, is horizontal, with a thick, rounded edge, over- 
hanging outwards at its posterior end. The outline then falls 
steeply, so that the posterior part of the jaw is considerably lower 
than the region inimo<Iiately behind the tooth. There is no 
distinct indication of a coionoid process, and the dorsal outline 
finally ascends to a prominent point above the condyle, which is 
at about the middle of the posterior, vertical border. The point 
just indicated passes, on the outer side, into a ridge, which slopes 
downwards and anteriorly. I’lie maximum longitudinal swelling 
of the outer surface of the rarnus starts at the condyle and 
passes ventrally, a strong concavity of this surface being found 
l>elow the hind part of the raised post- alveolar part of the jaw. 

The symphysis is nmasured to the summit of the arch formed 
by the two rami, but the bones do not actually meet in the 
j)Ohtf*rior part of this region, \vhich is slightly trough-shaped 
<lor.sally, the two sides .sloping down to the middle line. The 
dentary groove commences at the fi-ont of the jaw, and is distinct 
as far as the alveolus, hut not l>eyond it. The alveolus is 26 mm. 
wide, its inner edge nearly straight, its outer edge concave 
inwards, and it is 130 mm. deep. The missing teeth were thus 
of large size, and appt^ir to indicate an animal of the male sex. 

J/. densirostris appears to occupy an isolated position in the 
genus, and thei'e seems to be no other species to which it has 
near affinities. 

In view of the extreme rarity of this species it is worth while 
to bring together the few observations which have been recorded 
witli regard to its external appearance, size, and skeletal 
characters. The specimens are di.stinguished by the letters 
assigned to them on p. 576. 

External appearance , — The only published figure seems to be 
that of F (Andrews, 1914, pi. xvi.). The most striking feature 
is the extraordinary form of the lower jaw, the dorsal outline of 
w^hich slopes upwards from the tip, in correspondence with the 
shape of tlie anterior part of the mandible. The curve culminates 
in a large and prominent tubercle, overla})ping the rostrum and 
corresponding with the position of the tooth, which is not vi.*<ible 
in the side view represented. The dorsal outline forms a sinus 
behind the tubercle, and the angle of the jaw, which was presum- 
ably further back, is not visible. The eye is situ.ate«l at a low 
level, and is in line with the dorsal border of the anterior, narrow 
part of the low^er jaw*. If my interpretation of the figure is 
correct, the structure near the ventral surface, which looks like 
the mouth, is the left throat-groove. 1 venture to think that 
this figure does not give a really satisfactory idea of the shape of 
the head and mo\ith. 

Colour . — Specimen F (Andrews, 1914, p. 438). Mostly 
uniform blackish, smooth and shining. Livid pale areas, some- 
times bluish, occurred about the head and jaws, and ventrally. 
All the fins were black. Allen (1906, p. 361) records certain 
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features of E, including a few external xnenaurementSf as noted 
by Pi'of. Hyatt. Although there wa« no information alx>ut the 
colour, photographs seemed to show that the ventral portion was 
of a lighter tint than the back, and a few oval whitish spots 
were seen on the side, a trifle behind the middle of the Ixwly. 

Total length, — Ki^eftt (1870), quoted by Gi*ay (1871, p. 102), 
stated that the skeleton of C was 14 feet 8 inches long “ with- 
out cartilage.” The total length of the animal was presumably 
somewhat greater. True (1910, p. 10) gives the length of E 
as 12 feet 2 inches, on the authority of Prof. Hyatt. With 
the exception of two or three of the cervicals, all the vertebrie 
had free epiphyses, and the specimen was accordingly young. 
Andrews (1914, p. 438) records a length of 14 feet 5 inches for 
F, the animal being fully adult, as shown by the ankylosis of the 
vertebral epiphyses. The maximum length indic^ited by these 
figures is in the neigh l)Oiirhood of 15 feet. 

E was recoi-ded as a young female (True, 1910, p. 3), and 
the teeth barely projecteni al>ove their alveoli. From True’s 
figure (PI. I. fig. 2) it is evident that the mesoroatral was far less 
ossified than in the Porto 8anto and other specimens. The sex 
is not recorded in the remnining specimens, hut from the appear- 
ance of the teeth shown by Andrews in pi. xviii. fig. 7, in the 
fully adult specimen F, it is probable that this also wm a female. 
Judging by the characters of the rostrum and teeth (or their 
alveoli), it appeal's to me that P. C, and (1 were males, and that 
the rostrum l3 probably belonged to an nninml of the same sex. 

Skull, total hngth , — True (p. 8) gives this in E 022 mm., 
adding an estimated length of 31 nun. for breakage, and tlius 
estimating the total as 653 mm. Krefl’t, quoted by Gray, gives 
2 feet 5j inches ( = 750 nun.) for 0. The P(.>rto Santo skull (G) 
is actually 740 mm. Jong, hut as the occipital region is deficient 
behind, 25 mm. may be a<]ded, making a total of 765 mm. The 
specimen is thus among the largest known, and may be supjiosed 
to have l>een fully adult, a conclusion siqqwrted by the great 
amount of ossification of the niesorostnil Ijone. 

Mandibular teeth . — In C (Krefit), 6 inches (152 mm.) long, 

inches (85 mm.) an tero- posterior width, 1^ inches (44 mrn.) 
transverse width. The alveolus of the Poi*to Santo specimen (G) 
is 130 mm. deep, 72 mm. in a ntero- posterior diameter, and 26 mm. 
in transverse diameter. The tooth of the female specimen (E) is 
figured by Allen (1906, p. 363) and was 55 mm. long and 30 mm. 
broad at the base, these measurements l>eing notably smaller 
than those of the two preceding specimens. 

Vertebral Andrews (p. 439) gives for P, 0. 7, D. 10, 

L. 11, Oa. 16 (+2 ?), total 46 (?); C. 1-3 being fused. For B, 
True gives C. 7, D. 9, L.+Ca. 29, total 45 ; C, 1-3 firmly anky- 
losed, and C* 4 fused to C. 3 by the neural spine and by the tip 
of the cliapophysis, on the left side, with €. 3. Gray’s account 
(1871, p. 102), bas^ on Krefift’s description of 0, contains several 
cmifiicting statements ; but, from an examination of ikt figure, 
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I think the vertebral formnla was probably C. 7, D. 10, L.-hCa. 
28, total 45. C. 1-3 were fiise<l; “the next one is more or less 
free.” The numbers thus recorded show a close agreement. 
Some of the sepamte vertebrae are figured by Andrews (1914, 
pi. xviii. figs. 3-6). 

Sternum . — Allen (1906, text-fig. 4, p. 364) figures the sternum 
of E, a young specimen, the anterior segment being imperfectly 
developed. Andrews (1914, pi. xviii. fig. 1) shows an older 
sternum, in which the first segment is much more develope<l, its 
anterior €»nd being strongly emarginate in front, and the lateral 
processes in the region of the articulations of the ribs being 
prominent. Jn both the.se cases four segments are present, an<l 
the same number is recorded by Krefi't, who gives the total 
length as 20 inches (508 mm.). 

Scapul<e . — Fignied by Andrews (pi. xviii. fig. 2) in F. 
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EXPLANATION OP THE PLATES. 

Plate I. 

Skulls of Meioplodottf in dorsal view. The rostrum is marked, in each case, by a 
series of paper slips 60 mm. .apart. For sizes see table on p. 660, 

Fig. 1. M, densirostri^y presumably male, Porto Santo. The posterior part of the 
^ occipital, including the condyles, is wanting, and the bones of the left 
side of the vertex have lost their dorsal ends, (llrit. Mus.) 

Fig. 2. M. mirtutf male, Liscannor, Co. Clare. (Hrit. Mus.) 

Plate II. 

The same skulls, ventral view. 

Fig. 3. M. d^n»lront)*i». Zvgomatic portions of malar'i and condylar region of 
occipital wanting. Pterygoids incomplete \entrally. 

Fig. 4. JJT. minis. 

Plate III. 

The same skulls, side view. 

Fig. 6. Jlf. dettsirosfns. 

Fig. 6. if. mirus. Tin* mandibular tooth has lost its tcmiinal portion. 

1*1 ATE IV. 

Lower jaw'S and sternum of the same siK‘cimens. 

Fig. 7. .V. mivus. .Sternum, ventral view tmensuremeuts on p. 674). 

Fig. if. densirosfris. Anterior part of the lo\u-r jaw, from above. The large 
alvisdus is present on ttie right side. 

Fig, t). if. mirus. Anterior part of the low'er jaw, from above. The terminal por- 
tions of the teeth were saw’ii oft* by the finders of the stranded specimen. 
Fig. 10. if. dmsirostris. Lower jaw', seen from the right side. The incomplete 
left ramus is approx iiiuitely in its correct position. 


Note.— 

The respective Plates should Ik* looko<l at upside down in order to see 
figs. 1 and 3 to the lK*st advantage. PI. III. should be studied with its 
left margin uppermost. 
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I. INTKOBUCTION. 

I lin ing tliG Marine biological Snrvc} of South African waters 
uihlci t-aktui l>v Dr. »1. D F. (*ilchri''t in 1920 ami 1921 for tiie 
Dnion ( lovuuunnent, a lai-gc innnhei of CVphalo]KHla were obtained 
in two main areas -one oil (.’ape Towi), tlie othei* olf the Natal 
coast. This colh.vtnm was forwarded hy 1 >]*. (Jilchrist to tlie 
lint isli Mii.seum (Natural History) for identification, and two 
preliminary repoits have alreaily been published (Uobson, 1921 
(I and /;). 

'J'he present rep»)rt <leals exelnsively with tlie eolleetion, ]»ut 
the dat.M alreaily pul»hshed are not intdmled in it. 

Onr knowdedge of the Cephalopoda of South Africa is singu- 
larly delieient, as no large catches of these anim.als ha\e been 
made in this area. A few of the early zoologic-il expeditions, 
such as those of the * As1 ndahe ' and ‘llonite,’ took a few speci- 
mens otr the Oaj)e and Agulhas Bunk. In 1848 Kranss, in Ins 
‘ Siidafrikaiiische ^lolhisken,’ enumerated only nine species 
(w hich included four of Nr/uu). fiie later visits (»f the ‘ No\aia ’ 
mid ‘ Gazelle ’ were unproducti\ e, while the ‘ GhalJengor ’ obtained 
only a few^ sptvies. In 1S8() Hoyle diew' uj) a list of South 
African littoral species, twenty- four in number, and liis Atlantic 
li.st of pelagic forms included some obtained in South African 
wfiters. He delimited a South Afiican “region (1885, p. 217), 
without commenting on wliat is well known, viz. the differenee 
between the faunas of tlie Fast and West coasts of South Africii. 

* PuMihhi'd by pi'ruuKHioii ot the Trustees of the Hritish Musteum. 
f For flvplttnatiou ot ihe PlHtej*, p, 

pRoc. ZooL. Soc, — 1924, No. XXXIX. 
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The ‘ Valdivia * in 1898 obtained a certain number of epecies off 
the Cape and Agulhas Bank. But the material obtained in the 
Guinea Stream and Indian Ocean by that cruise affords a valuable 
contplement to our knowledge of this fauna. The affinities of 
many of the species concerned were made clearer by Pfeffer’s 
monograph (1912) on the CBgopsida of the Plankton Expedition, 
though the hitter did not actually visit South Africa. Among 
the smaller contributions to onr knowledge we must mention 
those of Thiele (1921), Hoyle (1912), and E. A. Smith (1917). 

The collection made by J)r. Gilcijriat consists of one hundreil 
and twenty-four specimens (exclusive of unrecognizable frag 
menta), w)iich represent thirty-three species. Of these, ten are 
new to zoology, one being a new generic form ; while there are 
two new varieties and five forms which are of obscure taxonomic- 
status and tliei*eforo un<!uiiahle for final class! fic-ation. Pelagic 
and littoral forms are l)oth represented, and tiiree s[)€cies and 
two other forms of deep-sea Polypoda were obtained, wliicli 
enlarge our knowledge of these interesting forms. 

II. LIST OF SPECIES OBTAINED 

Cephalopoda Dibranchia, 

Sub-order 1. Decapoda, 

Tribe 1. (Egopeida. 

Onyciioteuthida:. 

Moroieuthia A. 

Lycoteuihis sp. 

EnoPLOTE (7THID/E. 

Ahralia gilchriMi Robson. 

Octopodoteuthopais sp. 

Histioteutiiid.e. 

Hiaiioteuthia boneMiana (F<Ji’.) 

OmMATOSTKEPH IDiE. 

Todarojtaia eblcuim (Ball). 

CHJROnBUTHIUjE. 

Maatigoleuihia sp. 

OjUNOHlXOiE. 

Plfrgopaia pacifica (Issel), 

Gmiteuthia Joubiri. 

Lioora'ncfiia reinhardti Bteenstnif). 

intermedia liobson. 

Cranchia scabra Leach. 

Anamahcranehia impeunia Robeou. 
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Tribe 2. Hjopsida. 

SEPlOLIDiE. 

HetmyiAiUhifi hawaiiensia Berry, var. da-^amensie Robson, 
lioseia eaigmatica Robson, 

SKriiD,«. 

Acauthosf^pion vermicidatum (Quoy in Gaimard). 
Rhombosepion capeuse i<rOrb.). 

,, amminaimn. (E. A. Smith). 

„ hieronis Robnoii, 

JJomtos^pioH coitfaaum (E. A. Smith). 

JS'eplella ct/unm Robson. 

Loliqikidji:. 

Lolvfo A. 

H. 

,, indica Pfr. 


8ub-on1er2. Octopoda. 
Tribe 3. Cirrata. 

(JlRROTEnTniD.fi. 


(*uroteuthis 

»> 


yilchristi Robson, 

A. 

B. 


Tribe 4. l&cirrata. 

BoLlT.fiNID-fi. 

Eltdoaella masspLit Robson, 

PoLYroDlD.fi. 

Vdodona togota Chun, var. capenais Robson. 
/^olgpiia rngosua (Bose). 

Baijtypolypxfs Robson. 

„ (?) vMivioR (Chun). 

Benthoctopus herryi Robson. 


III. TEE SOUTH AFRICAN KARINE FAUNA. 

a. Evidence from the pt'eaent collection. 

Of the thiity- three species represen te<l. seventeen were obtained 
off Cape Town, fifteen from the Natid coast, and one was taken 
in both ivreas. Tliis distribution gives an exaggerated idea of 
the difference between the faunas of the two aieas, as Iliatio- 
tmikie bonelliuna is recorded from the Indian Ocean (Ihiele, 
1921, p, 452) and Galiteuthw (omiata (with a little lebS certainty) 
from the Pacific (Sfa^rki, ) 920, p. 200). Of the Natal forms, Pyr- 
gopete pacifica^ Liocranchia reinhardtiy ami Cmmhia acabra are 
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cosEnopolitAii forme known from the Atlantic. Tlie known die- 
tribution and aliiuities of the species from the two areas may be 
summai’ized as follows : — 


Cape Town (17 species). 

1 . Species recorded elsewhere — in A tlantic — 1 . 

„ Atlautic-Indinn Ocean — 1. 
„ Atlan to- Pacific — 1. 

2, Species only known from the Cape area : 

With nearest related species in Atlantic — 6. 

„ „ „ „ Indo-Pacific — 3, 

,, „ „ „ Sontliern (X*ean — 1. 

„ „ „ „ Atlantic-Indiau Oc. — 2, 

» 2 ♦ 

• 


Natal (15 species). 

1. Species recorded elsewhere — in Indian Ocean — 2. 

Cosmopolitan — 3. 

2. Species only known from Natal area : 

With nearest related species in Atlantic — 3. 

„ „ „ „ Indian Ocfan — 4. 

9 

»> i> » i> * 

To these we shonld add IJeteroteuthis kawailensis var. <ht(jn^ 
mensis^ wJiicli, being found in both areas and being otherwise 
known from the Hawaiian Is., gives the Cape area an lohlitiorial 
Pacific rejiresentative and the Natal area an Atlanto-Pacilic 
species. 

From this analysis we see that tlie adjacent Cape and Natal 
areas are tolerably distinct, as far as the known ilLstrihution and 
nfiinities of their species are concerned. Of the seventeen Cape 
species, seven are Atlantic in their distribution or i-elat ion ship, 
lt»ur are Indo-Pacific, while four are common to both areas 
(Atlantic and Indo* Pacific). On the other hand, of the fifteen 
Natal species, six are derived from the Indian Ocean or Indo- 
Pacific, three are Atlantic, w^bile four (the tlu*ee cosmo]K)lit4in 
B|)ecies and Iltteroteuihia hawaiimsis) are common to botli aieas. 


b. Evidemt from other yroups. 

The difference between these two areas, based as it is in this 
report ui>on some thirty-three species, is not of coui-se put for- 
waitl as characteristic of the whole Cephalopod fauna, especially 
as the affinities of several of these forms are only pix)visionally 
suggested. Nevertheless, the result obtained by the above 
comparison agrees with the general conception of a distinction 

* 1 hiive iiicludod Batkupolypus atnong theiie. Altliough it i« nearly 

relat«4 to B* yrimpiti (Nataly 1 am oi tlie opinicNQ that both ibeae forma are of 
Atlauilc orifftii. 
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between the marine faunas of Hoiith-West and South-East Africa, 
4 luo to the marked hydrogmphical diderencoK between tiioso 
ar^as. The sharp contrast between the upwellitig lienguela 
current on the West and the south-going warm Mozambique- 
Agulhris current on the East has l^n already described by 
Gilchrist (1923). 

These faunistic differeimes were pointed out for the Prosobranch 
and Larnellibranch Mollusca by v. Martens (1874, p. 119) and 
Gi))b{>n 8 (1877, p, 233), and v. Martens later on delimited three 
distributional are»is — a South-Western area terminating at Cape 
Point, a So util era area between the latter and Algoa Bay, and a 
Natal area (1903, p. 188.) 

Students of other invertebmte groups have insisted on the 
distinction (s. < 7 . Clark (Echinoderins), 1923, and Thompson 
(Alcyonaria), 1923). It is, however, soniewltat didicult to form 
an idea of the degree of distinction between the two areas. 
Thompson (L c. p. 53) states that only one-sixth of the South 
Afi iean Alcyonaria lives off l>oth Cape Colony and Natiil. 


c. Xorih Atlantic and European forms, 

Tomlin (1922, p. 25(1) bos pointed out that the attempt of 
Soworby to represent the -South African marine fnuiia as 
containing a high percentage of Euroj)ean mollusca is not 
jnstilicd by a critical examination of the evidence. He reduced 
Sowerb}’s original list of thirty-four species common to South 
African and Eiuxipean watet *8 to six 1 1 do not know to what 

extent comparison between European and South African species 
has been niaxle in other groups. The present collection of 
Cephalopoda yields five species (or almut 15 per cent, of the 
whole) which I'ange into Northern waters, viz. Todaropsis ehlante^ 
I/istioteuthis bomlliana, GUditeuthis annaia^ Cranchia scabra, and 
Llocrauehia reinhardti^ of which the second and thii*d are found 
in the Mediterranean. 1 am inclined, on the whole, to suppoit 
Clark (/. c.) in his contention that the abyssal forms of the South 
African fauna are piobahly of North-Western origin. With 
regard to the deep-water Polypoda and species of Cirrotenihis^ 
I cei*taiuly consiiler them to be most closely related to North 
Atlantic forms, though it must be admitted that know very 
little concerning the evolution of these animals. 

d. Cosmopolitan jorm^^ 

Many critical species of Cephalopoda are known from only a 
few examples, and in all probability specific identifications will 
be largely revised as tioie goes on. Generalizations about tbdr 
distribution are therefoi-e at present very unsatisfactory. It is, 
however, desirable to {loint out that the hydrographictil barrier 
under discussion has been surmounted by at least seven 
cosmopolitan species of Egopsida* Whether these form owe 
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their wide distribution to the fact that being pelagic and living 
at tlie surface they are carried al)out by surface curi’ents, or 
whether they are less susceptible to chunges iu salinity a lid 
tempemture, we do not know, though we may suspect that tlie 
former is the case. It is to be noted that the curi^nts of 
the North Atlantic have not imposed a very stringent bar to the 
passage of Cephalo^ioda, although there are distinct North aiifl 
Mouth equatorial circulations. Many Egopsida range from the 
North into the South Atlantic, and we must assume that the 
currents are not so clearly separated in direction and physical 
conditions as in the case of the Jlenguela and Mozambique 
currents. 


IV. ADAPTATION OP THE DEEP-WATER POLYPODA. 

As we have already noted, a rich fauna of deep-water and 
abyssal Polypoda was discovered on J)r. GilchrLsts cruises. 
Jientkoctopm and Bathypolyjms iXTQ both represented andpi*obibly 
three species of CirroteatUis. The peculiar adaptation of these 
forms, the structure of several of which has been already 
carefully studied (Ebersbach, 1915; Meyer, 1906), will be the 
subject of a sejiarate memoir. It may be pointed out, however, 
that among the structural fieculiaiities of these animals is a 
marked reduction of the jiallial aperture, which is noticeable in 
Benthoctopns and reaches its maximum in certain forms of Cirro- 
teiUhis^ in which the aperture is reduced to a small pore. Two 
very interesting questions arising from this fact may be indicated. 
In the first case, the re.spii*atory current must be very much 
restricted. In this connection we may notice that the size and 
number of the gill lariielluB is often very much reduceil (e.//. eight 
instea<l of eleven in C. gilchristi, throe only in OpiathoieuthiB 
depressa (Meyer, 1906, p. 216)). Secondly, the original 
mechanism of locomotion must be modified by the restriction of 
the amount of water admitted into the pallial cavity, for in 
several forms the pallial aperture being practically contermiuoiis 
with the funnel-aperture, the only water admitted must he that 
drawn in through the latter, wdiich (e. g. (\ gilchristi) is often 
very minufe. 

I have to thank Dr. Gilchrist for much personal information 
concerning this collection, and 1 would like to express my 
admiration for the care taken by him in preserving the specimens. 
My thanks are due to the Survey Committee for permission to 
publish the I'esults of this study in England, and to Miss Anne 
L. Massy for valuable information and advice. 

The type-specimens described herein are deposited in the 
Zoological Dejmiiment of the British Museum. Records of 
Statiou. depth, etc., w hen not given in the text, will be found in 
the preliminary reports, and are based on Dr. Gilobiist's Bejpmts 
(Fisheries and Marine Biological Survey, Union of South Africa, 
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1921-1922). In the stimmary of local distribution given nnder 
each species, the areas from which the specimens were obtained 
are given as “ Cape Town and “Natal.” For the precise 
location of* each station the reatler is referred to the above- 
mentioned report. 


T. TAXONOMY. 

Family ONYCHOTEUTHIDiE. 

Morotbuthis sp. A. 

One adult specimen ( $ ) from Stn, 530 (Cape Town) ; 135 fins. 
Owieiutions. — 

Ijength of mantle (ventml surface) ; 55*8 cm. 

Width „ ,, (nj^erture); 9*8 ,, 

„ M „ (inaxiinum) ; 11*5 „ 

„ across both fins ; 30*0 „ 

„ „ a single fin; 14*2 „ 

Length of a single tin ; 39*0 ,, 

Length of Ist arm ; ^ 


„ 2ml „ 

,, 3rd ,, 

»» 4th „ 

„ tentacle; 


L. 34 cm. 

K. 37 „ 

L. 40 „ 

K. 39 „ 

L. — 

H. 43 „ 
L. 42 „ 

91-8 „ 


AfantU , — The specimen is in a relaxeil condition, and it is very 
difiicult to Ije certain lis to the shape. There would appear to be 
a very slight swelling of the visi'eral sac at the anterior third. It 
would thus be, in IsTiakawa and Wakiya’s term, “retort-shaped 
(1914, p. 456) and like J/. lonnbergii. Tiie mantle is five timet as 
long as its breadth, as in M. rohmta* It is covered dorsally and 
ventinlly with irregularly circular elevations of the mantle, which 
are sometimes elongated in the antero-[x>sterior axis. The head, 
arms, and posterior half of the mantle are smooth. The chai’acter 
of these elevations resembles those of tvgens in being paitly 
circular and those of Idnnhergii in the longitudinal extension. 

The fme are rhomboidal, with the posterior end very much 
attenuated. The an tero< lateral margins are half as long as the 
posterior latei*al margins, thereby agreeing with JA rohmtu. 
The free anterior portion of the fins measures about 35 mm. along 
the interior border. The fins occupy nearly 71 percent, of the 
total mantle length, which far exceeds the corresponding figure 
in the other species. M. higensy in which it readies 58 per cent., 
comes neorest to sp. A in this* respect. The breadth of the tins 
expressed as a percentage of the mantle-length is 54 per cent,, 
which is near the maximum figure given for M, lbnnbet*gii. 
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The njeelc-folde. — The posterior fold Ijsr its dorsal portion more 
or less vertical and its ventral portion transverse, t^ie median and 
anterior folds have their dorsal paits tnt ns verse, tlie ventral |)art6 
oblique. 

The arms, — The second and third ai'ms are nearly equal in 
lenj^th. Tlie first is definitely shorter tlian the second and third, 
anti the fourth definitely longer. This condition is equivalent to 
that found in Jf. rohusta. The fixing-nppai^atus cotisists of ten 
or eleven suckers, as in rohuaia. T}»e hooks on the “ hand ” 
portion of the tentacle number fourteen pairs. 'J’he condition in 
lonnhergii and iagena is transgressive, f>ne liaving thirteen the 
otiier thirteen to sixteen, so that this form therefore reseinbles 
ingens. The pairs of hooks are arranged diagonally as usual, and 
the sixth to the ninth pairs are the largest. The apical grouf»s 
of suckers number thirteen and fifteen, in which it agrees with 
ingenSy though again the figures for wgena and lonuhergii are 
transgressive. The tentacles of M, eqiiaioHalia arc unknown 
(Thiele, 1921, p. 442). 

The ])reservation of the arms is not very satisfactory, but the 
following facts can be satisfactorily asceitained : — 

There is a faint trace of a dorso-lateral membrane on the dorsal 
arms and a fairly well -developed frilled “ Schutzsaum on the 
ventral edge. 

On the second arms there are more definite traces of a carinn 
on the ventro-lateral edge. The third arms have a well-developeil 
median carinn, which is most obvious along the median })ortion of 
the arms. The fourth arms have well -developed membranes 
along their dorso-lateral margins. Schutzsiiume arc present on 
all tlio arms, but they decrease in size from the first pair onwards 
and are very rudimentary on the fourth pair. 

The gladiua presents some characteristic features. The an terior 
exti-emity seems to be pointed, though it is not very well pre- 
served. Two strongly-marked admedian ribs enclose the median 
area, which exhibits a pooi’ly-developed median lib. I'he 
marginal areas commence at about 6*5 cm. fn>m the anterior 
extremity and widen gradually, attaining their maximum width 
(I'fi cm.) at about two-fifths of the way towards the other 
extremity. They then converge again, and gmdually get narrower 
till their outer margins coalesce at some 147 cm. fmm the nboral 
end. The outer edges of the marginal areas are at first thin, but 
gmdually they thicken to form the outer ribs, which first are 
visible at about 19*0 cm. from the oral extremity. So far the 
gladius is not unlike that of M, ingena (Pfeffer, 1912, pi. 12), 
difiTeting from that of M, rohnsia (Verrill, 1879, pi. xxiii. 
figs. 4 -5) in the convergence of the admedian and lateral ribs. 
The cone measures slightly under one-quiirter the length of the 
whole glaxliua, and is therefore much larger than that of ingena 
(aljout one^ighth the size of the gladius) and smaller than that 
of r<JmaUi (between one* half and one-third the length of tlie 
gladius). The size of the cone relatively to that of the total 
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glad ins of Imnhergii and ef[^mtorialis are not given. Tlie cone is 
markedly triangular in section and unlike that of efjU 4 Xiorialis, 
Tlie niAximum diameter (dorso- ventral) is 1*7 cm. ; its maximum 
wi<ith is *9 cm. The shape of the cone seems to approximate 
to that of M. Imnhergii, The cone of rohtista is described us 
circtdar, which <Ulierentiates it at once from the other tliree 
forms. 

77wj funnd eariiUige9 are long and narrow. They are asym- 
nieti‘ically developed in this S{)ecimen and are not in a fit con- 
dition for description. 

The mandibles (text-fig. 1) are very c^'aracteristic. They differ 
fiom those of M. robnsla (Verrill, 1879, pi. xxiv.) and imjens 
(Brit. Museum) in the considerable posterior extension of the 
upper rostrum a feature in which it resembles Architeuthis 
(Veri-ill, Z. c. pi. xviii.). The inferior mandible resembles those 
of rohnnia^ ingens (as figured by Smith), and Architeuthis in the 
groiil. flepth of the gular lamina. A special feature, possibly 
f4>und in iugens and rolmsta^ and certainly occurring in Archi- 
tf'uthis^ is the presence of a marked lateral rib on this lamina 
(cj\ Joubin, 1900, pi. xiv.). 

Text- figure 1. 


Moroteuthi$ A. Miindibltis. 

The lateral walls of the mouth are, as in Architeuthis^ furnished 
with a strong cuticular membrane which is beset with strong 
teeth. These are irregularly armnged, vary in size, and are 
more or leas curve<l in 8haj)e, The irregular gmnnles obsen^ed by 
Veri ill ( 1879, p. 205) in A, princejut were not found. 

The radida . — Our knowledge of this organ in Aforoteulhis is 
limiteii to a slight description and a poor drawing in Hmith’s 
description (1881) of ingens^ Verrilfs {loc. eit,) description of 
rohustaj and that of eqneUt>rialis given by Thiele (1921). Smith’s 
account is too geneml for taxonomic purposes. A comparison of 
the radula of this form (text-fig. 2) with those of equaiorialis, 
rohuMa, and iwgmHf (Brit Mu«.) reveals at once marke<l dilibieuce 
in all the teeth. The piominent lateral cusps on the wide basal 
plate of the rhochidian ttmth and the widely-set and prominent 
main cusp of tlie fii*st lateral are the most mai’ked difieiences, 

I should draw attention to the fact that Lfinnbei^ (1899, 




• For t«miitioK)g>' uwid, </. Mtyer, 1918, fig. £5. 
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pp. 59-60) has investigated the striictni'e of the dermal papillie 
ill M, wgens, and has concluded that they are atoned an arrange- 
ment of adaptation with regai*d to hydiostatic pressure aiwl an 
acconimoilation for the reserve of oily fat with which the skin of 
this squid is so richly endowed. 


Text-figure 2. 



Relationships, — Lshakawa and Wakiya (1914, p. 456) have 
given a table in which the differentia of robrnta^ imfens^ and lonn- 
are set forth a comparison of the available data and 

the addition of fresh evidence we may distribute the principal 
features of the Cape form as follows : — 

• 

llesemliles Vonnhmjii in 3 characters. 

„ robusta „ 4 „ 

„ inyens „ 5 „ 

Intermediate between ingens and rohnsta in 1 character. 

Unique in 1 chai’acter. 

It will he remembered that in some cases the same information 
is not available about the three species with which we are cnmi- 
paring our form. For this reason a comparison with Thiele’s 
equatonalisj of which the tentacles are unknown, is given se|m- 
rately. From this equatorial Atlantic species the Cape form is 
strangely difiemit. Comparison between the two shows that 
the following cluimcters are markedly dissimilar Skin, fins 
(relative length of margin and total length relative to that of the 
mantle), the form of the visceral sac, the structure of the cone of 
the glad] us, the radula, and even the mandibles. 

In any case there is no preponderating tendency in the resem- 
blances shown by this form, if we bear in mind that in one at least 
of the characters resembling inyens (the size-ratio of the fin to 
the mantle) the resemblance is only a relative one* and that in 
two of the others the character in question is transgressive as 
between ingens and Kmibergii, It should also be note<l that 
there are significant differences in the radula and mandible from 
rohnsta and ingens, 1 think we should discard anj notion of 
special affinity, with possibly a reservation that there is a slight 
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tendency towards ingens. At present Vonnhergii is known only 
from Ba^iini Bay (Ja{mti), rohmta from Alaska, equatorialia from 
mid-AtliiUtic, while ingena is recorded from several localities in 
Patiigouia and Magellan Straits and from the South Orkneys 
(Hoyle, 1912) and New Zealand (Massy, 1916, p, 165). The genus 
may therefore be regarde<l as practically cosmopolitan, while this 
element in the Cape marine fauna is, far as our knowledge 
goes, possibly of Houthern origin. Although our data for com- 
parison with other forms is not very complete, I consider we know 
enough to assume that this form is specifically diflerent. 1 tlo 
not consider, however, that a single specimen is enough material 
upon which to hase a specific definition, especially as the form in 
question exhihits some vague affinities with other species. 

? Lycoteuthis sp. 

One adult example (?sex) from Station 156 (Natal); 324 
fathoms. 

This interesting form is in a very fragmentary condition, 
lacking the eyes ami part of the head, the tent^des, the skin of 
tlie mantle, and l^eing otherwise in a very poor condition. 

Ju the absence of the tentacles it is very hard to assign it 
a {Mksition in the system proposed by Pfeifer, and even the 
generic |K>8ition is doubtful. 

Tlie following clmmcters agree wdth those of LgcoteiUhia : — 

(1) The presence of circumanal and branchial light-organs 

(‘* aiialorganen ” a!ul “ veiitmlorgaiieu ”) ; 

(2) tlie BhH[>e of the funnel organ ; 

(3) the presence of a valve in the funnel ; 

(4) the general bo<HIy shape ; 

(5) tlie geneiiil sha{)e of the gladius (text-fig. 3), in which 

the lateral area expands about half-way down the 
gladius, contnicts and expands again at tlie extremity. 
In this form, however, the apical expansion is much 
broiider than in Lycoteuthis, 

(6) Tlie buccal membraue {cf, Pfeffer, 1912, pi. xiv. fig. 3). 

The following structures do not resemble those of Lyco- 
teathis : — 

(1) The mandibles V text-fig. 4 ; cf, Chun, 1910, pi. iii. fig. 3) ; 

(2) the radula (text-fig. 5 ; c/.L c. fig. 15) ; 

(3) the suckers of the arms liave a single armature of teeth 

(well marked on the distal edge), the inner teeth of 
Lycoteuthis being absent ; 

(4) the ocular light-organs found in Lycoteuthis are probably 

absent. 

Chunks specimens of L, (Hiut^ucUolavipas) diaclema came from 
South Africa (off Cape Town), Of Pfeffer’s examples, one is 
fiom Western America, one from the Atlantic (?), and one from 
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T(jxt-fijrnre 3. 



LycoteuUii» sji. Gladius. Slightly reduced. 


Text-figure 4. 



hj/coUuthit sp. Mandibles. 
X2 7d. 
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Australian waters. Two of Pfeffer’s specimens are from the 
8toinach*con tents of marine vertebrate carnivora, and the third 
is a mangled specimen. It is probable that the s|)ecimeu under 
discussion wjis likewise voided V>y a large carnivore. With this 
proviso, we may note that the genus is appjirently widely 
distributed. 

Family ENOPLOTEUTiiiDiE. 

Abralia giloiirtsti Hobson. (Plate I. fig. 1.) 

A. gilchruti Robson (1924 6). 

1. One specimen ( cf ) fi^om Station 81 ; 280 fathoms. 

2. „ „ (d) o „ 48; 240 

The above are cotypes. 

Although in one or two respects these animals do not seem to 
have fi.ssumed the final adult form, the difierences from the adult 
are so slight that the specimens are regarded as sui tables for de- 
Mudption. The animals are sexually mature, with well-developed 
gonad and spermatophores. 

Dimemions (in mm.). — 2. 

Length of mantle ; 40 40 (damaged). 

Wiuth of mantle aperture ; 12*5 15 

„ „ visceral sac I across 


maximum width of fins); 8 7*5 


Fins, ; 

max. 

length ; 


32 

32 

n 

11 

width (total) ; 

32 

31 -f-2 

lletul, 

diameter ; 


15 

11 

Tentacles, 

lonjitli ; 1 

L. 

K- 

4fi 

52 

Damaged. 

52 




L. 

26 

28 

Anus 

: L 

»f » 

11. 

27 





[ u 

27 

29-5 

>» 

^1 

>1 1 

R. 

28-5 

29*5 




1 1- 

25 

30 


^1 

11 9 

[R. 

27 

31 


A 


1 

34 

35 

91 

*1 

11 > 

ill. 

36 

33 


The mantle-apertui*6 is flanged outwanls* as in the young 
stage of A. imriaii (Chun, 1910, pL vi.). The other sjiecies, 
notably A* hoylei and pfeffaH^ differ markedly in this res[>ect. 
The width of the mantle-apei*ture is, however, relatively far more 
ai:ceutuatc>d in A. gilohristi by reason of the slender, tapering 
visceml sac. 

A very characteristic feature in which this species differs from 
mcmu and the other species is the great length of the fins 
relatively to the mantle and the marked disparity in their 

♦ Thia ia imt very apparont in the photogmpb (PI. I. liff. 1), which was taken 
after diteevtiou. 
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Anterior and posterior lK)rderA. The greatest width across the 
fins lies at the anterior third, in which they tend to agi*ee with 
pfejfferi. The anterior margin is convex, the posterior concave 
as in hoylei, 

Tlie distal part of the tentacle has been fully described. It is 
unlike that of The tentacle-extremity in A. hoyhi 

is not properly known, while that of A. morisii was but scantily 
described. From the figure (Chun, 1. c. pi. viii. fig. 4), however, it 
diiiei*s somewhat markedly from that of yilchrhii in that the 
sucker- bearing area is slender and elongate, while in the latter 
form it is short and compact ; and the suckers are aiTanged in 
close, even rows instead of being irregiihtrly scattered. The 
median portion of the hand ’’ consists of two rhachidian rows of 
hooks, of which there are four large posterior ones and four small 
anterior ones. The hooks are still partly encased in a fleshy 
sheath. This condition, which may be a juvenile trait, is never- 
theless found in adult stages, such as /my/ei ( Pfefter, 1. c. fig. 9, 
pi. 17, and Joubin, 1896, fig. 9, p. 30). Remnants of the anterior 
marginal row of suckers aie found as in 7)wrisiL This consists of 
a row of minute suckers, one between each pair of anterior hooks 
and 2-3 suckers just abreast of the most distal hook. The carpal 
part of the tentacle consists of an adhesive jrul of 4- 5 (not 5-6 
as originally stated) suckers and an uncertain number of corre- 
s|X)nding knobs. In the numlm* of suckers gilchriaii agrees 
with hoylei and morisii^ though it is very doubtful whether the 
number is of diagnostic value. 

The tentacle club is furnished with a very wf ll-develof)ed 
membrane on the anterior edge, extending from the 2iui to 3rd 
liook and rapidly expanding until it is as wide as the teiitiieh; 
itself. This membrane is either al)6ent or but very j)oorly 
developed in the allied species. There is a short proximal 
membrane extending from the a<lhesive pad to beyond the first 
hook. 

The Arms, 

First pair. The carina is well developed distally and extends 
about two-thirds to half-way from the distal extremity. The 
“ Schutzsiiume ” are developed as lappets, those on the ventral 
side being far lietter develo[)ed than those on the doiaal. There 
are 10-1 1 pairs of hooks, which gmdually become more diagonally 
disposed and are continued by some 5-6 line^irly arranged ones. 

Second pair. The carina occupies less space than in the fii'st 
p.iir. The lappets of the dorsal “ Schutzsaum,” which is the 
better developed of the two, tend to become linked up by a 
continuous membrane. There are ten to twelve pairs of books 
followed by a varying number of single suckers. 

Tliird pair. The carina attains its maximum development. 
The dorsal Schutzsaum is almost entirely absent, the other 
being less well develoj:)ed than in the other arms, though the 
lappets are still perceptible in some cases. 
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The linear arrangement of suckera commenees further down 
the arm, viz. after the 6th to 8th sucker. The hooks do not 
appear till some 10 mm. from the proximal end of the arm. 

Fourth pair. Tlie carina is represented by a low ridge (not 
“kiaftig entwickelt” as in monsii) on the posterior angle of the 
arm. Tliis is continuous all the wsy down the arm and passes 
round the base of the third arm. Tlie “ SchutZKaum '' is repre- 
sented by low lappets on each side. There are some 8 paired 
hooks and 6~B unpaire<i ones. In specimen No. 1 the right arm 
has the ventral “ Schutz.saum ’* miicii expanded at the extremity 
of the arm; the dorsjil “ Schutzsauin ” is similarly expanded, 
but not 80 much as its fellow. There is no trace of this on the left 
arui. The same condition is found in specimen No. 2, though in 
that case the left arm is damaged. It is conceivable that this 
expansion is the liectocotylus, but according to the description 
of Chun (lOlO, p. 82) the fourth Ufi arm is modified and the 
residting structure is very much more elabomte. 

‘ On all the first three psirs there are distal patches of suckers 
hiserially arranged. On the third pair some 15-16 pairs are 
found. 

The terminal organs of the 4th arms are individual in shape 
iu that the main bulbs are longer than in the other species and 
that there are four smaller end-bulbs. The basal support is like- 
wise dee|>er than in the other forms. 

Ths light- (rr gam . — Those on the ventral mantle are massed on 
each sicle of a narrow Imre strip which occupiers the median line. 
There is no tnvee of seriation in these masses. There are thiee 
streaks of light-organs on each side of the funnel. On the head 
and arms the arrangement is as follows : — 

(a) Two median ventral rows separated by a narrow median 
hare area, down the centre of wliicli is a sparse row. I'hese 
ventral rows are continned up the posterior side of tlie fourth 
arms. 

(h) Posterior and anterior gular patches joined by two more 
or less [lanillel subocular rows. The anterior gular patch sends 
two rows up the anterior side of the fourth arms. 

(c) A cireumocular series, 

(d) Possibly arising from (c), a double row passes up the third 
arms, one strip on each side of the caidna. This geneml plan 
iUIIei*s fn>m that seen in the other 8{>ecies. The series in moriM 
and p/tffieri are less well developed, while the plan of arrangement 
differs in hoytei* 

Ths adhesive argam (text-fig. 6) are different from those 
described in the other species, the groove of the cephalic plate 
l)eing more median in fwyhi and p/efferi^ and the whole plate 
being much longer and thinner in nwrisiu 

The reftroduoUve organs (text-fig. 7).— Both examples were 
males with well-developed testis and fully-formed spermato- 
phores. 
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The male organs have been clescribeil for A. moHsii by Chiin 
(1910, pis. ix.-x.), but there are certain features in this species 
requiring notice. 

The wis deferena and the first two sections of the veskfidd 
semi'tudis more or less correspond with those of morisii; but 
the latter organa in this species are placed on o[>posite sides 
of the communication with the third section of the Yesicula. 
The latter resembles that of morisii^ but the proximal part of 
the vas deferens is more clearly differentiated, thinner and 
longer, and terminates in a very slender junction with the 
prostate. The junction of the vas deferens with Needham's 
organ is very much lower down in this form. The appendix of 
tlie prostate and ciliated canal resemble those of morisii. The 
prostate itself differs markedly in form from that of the latter. 
Neeilham’s organ is blmit-ended, and the penis is abruptly 
difl'erentiated from it in size. Needham’s organ was fotmd 
completely full of spormatophores, and the v<is deferens in eaeli 

Text-figure 6. 



Ahralia gilckruti, AdheHive organ. X 0. 

case contained a spermatophore, wliicli, with those in Nee<lham’a 
organ, had their aljoral j.>oles directed proximally. Nothing was 
observed which threw light on the question (r/, C’huii, 1910, 
p. 9.'!) as to how the spermatophores attain their final position 
in Needham’s organ, but I was fortunate enougli to find one in 
the cmcum of the prostate doubled on itself, which suggests tlmt 
some change of position may be efiected in that organ. 

AJinitieSy etc. — As we have ali’eady stated, these forms aie 
sexually mature, and therefore deserving of description. An 
interesting point arises, however, in that, though mature, they 
still exhibit a feature which, according to Pfeffer’s Key (1912, 
pp. 149-159), would justify their inclusion in his ** Mi<ruf>ralia^ 
larval stage. The marginal row of anterior sinkers is still 
present on the tentacle; moreover, the Inwks are still encased in 
fleshy sheaths, winch is apfiarently a juvenile character, ns it is 
found in the Uompsot$uthis*at»go {cf. Issel, 1908, pi. ix, tig, 17). 
Nevertheless this condition is found (t\ evpra) in the mature 
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hoyhi. The bulk of the evidence from structure alone is 
decidedly in favour of these specimens going into AbrcUia (s. s,), 
while the line between Micrahralia and Ahralia is obviously 
impossible to maintain in all cases. The only conclusion to draw 
is that the persistence of the marginal anterior suckers into 
sexual maturity is of no taxonomic value, being merely an 
instance of the persistence into sexual maturity of structures 
which are lost in other forms. 

Text-jSgure 7. 



AbraUa ffilchristi; ^ genitalia. X 4*7. 
r, 9 . 1-3| seminal vesicle. 1-2, vas deferens. 


Matui'e forms of Ahralia (s. s.) are known from the Mascarenes 
(A . hoylet), the Mediterranean {A. p/efferi)^ the Red Sea (A. stein^ 
daohneri Weimil, 1912), Hawaii (A. trigonura Berry, 1913; 
astrostieta, id. 1909), the Kermadec Is. (A, atroUneaia^ id. 1914), 
and E. and W. Africa (A. {Abndiopais) morisii Ohun— not 
Yerany — 1910), As A. moritii is found both in the Gulf of 
Guinea and off the East Coast, it is not surprising that our form 
exhibits the more marked affinity with that form. It likewise 
Paoc. ZooL. Soc.— *1924, No. XL. * 40 
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shares several features in common with A, hoi^leL It is im- 
possible, however, to ignore the fact that this form diffet'S in 
many substantial details from nioHsii (e. <jr. general form, ten- 
tacles, locking appai-atus, genitalia, hectocotylus), and that these 
details cannot be attributed to age, so that, in spite of the 
distribution of moriaii^ one can do nothing less than accord this 
form specific rank. It may be regarded as one of a group of 
three species which up to the present are confined to the 
Equatorial and Southern waters of the Indian and Atlantic 
Oceans (v. p. 622). 


Sub-family O c t o p o n o t e r t H i n 

OcroPODOTEUTHOPSis sp. (Plate I. fig. 2.) 

One example (? sex) from Station 347 (Onpe Town); 900 fathoms 
on ooze. 


Dimensions , — 


Mantle, max. length, dorsal ; 

„ „ „ ventral ; 

„ „ width; 

Fins, max. length ; 

„ „ width ; 

Width across both fins; 

Length of head (base of first arms 
to mantle-edge ) ; 


Arms: 1, length; 
o 


»* 


3 , „ 

4, „ 


L. 

19 mm. 


13*5 mm. 

13 „ 

7*54:1 mm. 
13 mm. 

10 

23 


K. 

21 mm. 
11 „ 


The ground-colour (spirit specimen) is pale livid, and the sur- 
face of the arms, head, and mantle is sjmrsely covered with 
reddish-black chromatophores. The specimen is in rather poor 
condition, the arms. especially being very much damaged. 

The arms are drawn out into fine extremities and lack the 
‘‘end swelling” found in OctopodA)ienthi8, They all appear to be 
cylindrical. Only a few suckers remain, but it is possible to make 
out their structure fairly well. They are widely spaced, do not 
overlap, and are arranged alternately on either side of the marked 
ventral furrow. They give rise to small hooks, the points of 
which are scarcely reflected and their bases are large and fleshy. 
There do not appear to be any distal unmodified suckers as in 
Octopodoieuthu, The tentacles are completely absent. The fins 
are remarkably large. They are longer than wide, being cout^- 
minous with the mantle. Posteriorly on the dorsal surface they 
seem to project beyond the extremity of the body, but on the 
ventral surface this is seen to be due to a slight refieotion of the 
extremity of the mantle and the fin insertion with it. 
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Tt»e J^ad is large and prominent. The funnel is short and stout. 
It is provided with a well-developed funnel organ (text-6g. 8), 
of which the exact shape of the median piece only could be 
studied adequately. Tiie articulatory cartilages are in too poor a 
condition to make out satisfactorily. 

Although the fins and arms seem to be well developed, it is 
possible that this form is not mature. The reproductive organs 
could not be found, but imperfect preservation may be responsible 
for this. Doubt as to its age and the poor condition render a 


Text-figure 8. 



Oeto}mdoteuthop$i$ »p. Central plate of funnel organ. X 11. 

description and determination very undesirable. On the other 
hand, it is obvious that the specimen occupies a rather unique 
position. The characters that are not rendered s%d> judice owing 
to the uncertain age seem to suggest that it may either occupy a 
separate generic position in Pfefifer^s section B (1912, p. 124) of 
equal value to Ciicioteuthis and OciopodottuihopBisy or else be an 
aberrant and undevelopoil form of the latter. 

The characters in which it agrees with the latter are : — 

(1) Tlie widely-spaced suckers; 

(2) the broad bases of the latter ; 

(3) their alternating arrangement ; 

(4) the ventral furrow on the arms; 

(5) the complete disappearance of the tentacles. 

It differs from Ociopodateuthopsis in the completely terminal 
position of the fins and in size. 

This genus is at present I'epresented only by 0. nugaptera 
Verrill, a rather imperfectly-described form from the New 
England coast (707 fathoms), from which the Cape form differs 
not only in the ohameters detailed above, but in the shape of 
the fins. 

Like the preceding species, these forms are evidently favourite 
food of marine eaxmivora. VerrilFs single specimen was very 
badly mutilat^. The allied genus CucioteufkU is likewise known 
mainly from fragments or stomach-contents of whales. 

40» 
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Family Histioteuthidje. 


Histioteuthis bonelluna (Fer.). 

A, 1 example ( d ) from Stn. 642 ; 968 fma. 

B. 1 „ .(?)„ „ 343; 470 „ 

Although this species has been very carefully described by 
Pfeffer, it is desimble to add some fresh data from this material 


Dime^isiOTis , — Specimen A. 

Arm formula ; 3 . 2. 4 . 1 

Total length to tip of 

arms; 182 mm. 
Mantle, length ; 46 „ 

Fin, length ; 22 „ 

„ breadth ; 33 ,, 

Fin, length in per cent. 

of mantle length ; 47 

„ breadth in per cent. 

of mantle length ; 71 7o 


Specimen B. 

3.2. 4.1. 

245 mm. 
67+2 mm. 
27 mm. 
37+2 mm. 

46 

, « 


The general shape of the mantle diffeis somewhat from that 
usually recorded. In specimen A it diminishes in width very 
gradually towards the apex, and the sides are less abruptly con- 
vergent than is usually seen. The apex is very blunt and there 
is no point or frenulum {cf, Pfeffer, 1912, p. 298). S])ecimen B, 
which is a little distorted, is even more unlike the usual form. 
The maximum width is not at the mantle-aperture but just 
above it, and the sides are markedly convex. On the other hand, 
the extremity is pointed in specimen B, and there is a suggestion 
of a frenulum. 

The fins are of the same general shape as that figured by 
Pfeffer; but in both examples they are shorter in relation to 
the total mantle-length than the avei-age shown in Pfeffer's table 
(1912, pp. 318-319). The lappet formed by the projection of the 
anterior edge beyond the point of junction with the mantle is not 
so large as in Pfeffer’s descnption. 

The head is exceptionally large in specimen A. In specimen B 
it is distorted. In the former it would appear (if we make due 
allowance for the asymmetry) to have l>een actually wider than 
the mantle-opening. With a similar allowance for the asymmetry 
the head seems to be more rectangular than usual. The line of 
junction with the “ neck ” is marked by a non -pigmented scarcely 
perceptible ridge (“ Halskante ”), which has a well-marked inden- 
tation on the ventral surface. The eyes are markedly asym* 
metrical. The left-hand aperture is more than twice as large as 
the right-band one. The left-hand eyes themselves are larger, 
and, in addition, in both s^^imens the lenses are found protruding 
from their sockets. The circumocular light-organs (rf this side sre 
ill-developed, as in other specimens. This osymmetiy is found in 
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Otbei!* members of this family (cf. Meleagroteuthia Berry, 1910, 
pp* 305--3('8), and is regarded by Pfeffer as a family characteristic. 
It is also found in the Polypod Cirroteuthia macrope Berry, L c, 
p. 274. The fact that an eye has been torn or partly torn h*om 
its socket in both my specimens, as is similarly noted by Beriy, is, 
I think, accidental. The reduction of the circumoral light-organs 
and the length of the arms of the left side (noted by Pfeffer, 1. c.) 
seem to indicate a more deeply-seated asymmetry. 

The oral membrane has been withdrawn very considerably 
owing to contraction, and cannot therefore be veiy satis- 
factorily compared with Pfeffer’s account. Nevertheless, the 
structure of the outer membrane is remarkably different from 
that figured in the latter. There is a single muscular “ support” 
between the first and second ai'ms, one each approximately over 
the third arms, and one corresponding to each of the fourth arms. 
I am assuming that I am correct in considering that the inner 
membrane with its six supports has contracted inwards, leaving 
exposed the outer one figured by Pfefter which has indeed seven 
supports, but in a different position. 

IVitf at'ina , — Even in the better-preserved specimens the surface- 
tissues are in poor condition, so that it is difficult to make certain 
about tlie occurrence of the carina. There is a short yellow- 
coloured membrane on the third pair towards the distal end. 
1 am of opinion that the other fins described by Pfeffer were not 
present in the living animal. The external keel (“ Ausserkante ”) 
of the fourth arms is barely appreciable in specimen A, better 
marked in B, though it cannot be described as “ saiimartige ” 
(Pfeffer, L c. p. 301). The terminal light-organs have been fully 
described by Hoffman and Grinipe (1921, p. 201 ). In specimen A 
they measure some 13-14 mm., and are, as usual, confined to the 
three upper-arm pairs. 

7%e auckera are well seen in specimen A. On the first pair of 
arms (hectocotylized) they are w’idely spaced over the part of the 
arm conterminous with the velum, and moderate in size. At the 
top of the velum they rapidly increase in size. Four pairs (6-10) 
are very large ; then there is a rapid decrease in size, and the 
suckers become close and numerous, but they are armnged in two 
rows, not in four as Chun states for his examples (1910, p, 168, 
text-fig. 1 ). On the first three pairs they are very widely spaced 
to start with, the usual interval being 6 mm., or over twice the 
size of the suckers themselves. 

On the ventiul pair the proximal suckers, which begin much 
further away from the base of the arms (some 20 mm.), are all 
small aud apparently somewhat obsolescent. 

The suckers correspond with the description given by Pfeffer. 
The reduced suckers of the fourth arms are denticulated. 

The tentacles differ somewhat from the standard description, 
especially in the moi*e expanded^ distal area of the club, which 
bears more numerous suckers (vis. series of 7, 6, 5, 4, etc., each 
instead of 4, 3, etc.), and in the persistence of an additional 
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marginal row of very small suckers. The tentacular fin is not 
so well developed nor is the extremity so finely drawn out, as in 
Pfefter^s specimens. 

Anatomv. 

The gladius, mandibles and mdula, pallial complex and diges- 
tive system, and male and female genitalia have been described 
in part already, while the position of has been dis- 

cussed from this standpoint by Chun (1906, p. 743). 

The funnel organ has been incompletely figured by Weiss 
(1889, p. 84). There is in this case (text-fig. 9) two simple lateral 

Text-figure 9. 


0 


JlUtioteuthU honelUana, B'uiincl oiifiu). X I'S. 

plates, which in the more adult specimen (11) have their out^^ar(l 
side straight and the inner side curved. The median plate is 
triangular, its inferior angles lieing somewhat prolonged. lii the 
larger specimen its surface is veiy much folded. 

Reproductive System, 

The female organs have l)eeri somewhat scantily des*CTibed by 
W'eiss (/. c. p. 84). 

On opening the visceral sac the large oviducal and nidameii- 
tary glands are conspicuous objects. The feiiiile ovary extends 
downwards over the heart and other viscera. The oviducts leave 
the capsule of the ovary in a dorsal position, and run downwards 
(in specimen B) as somewhat fiattened ducts. They expand on a 
level with the gills to form the oviducal glands (text-fig. 10). 
The latter are subcircular rings of folded glandular tissue, with 
a large central orifice through which the oviduct passes. In 
general structure they resemble those of Thyaanoteuthis (Brock, 
1882, pi. xxxiv. fig. 3). They aie not, however, free of the folded 
glandular distal part of the oviduct, but are implanted in it at 
the base. I cannot follow Brock in calling the subsequent glan- 
dular poi'tioti oviduct, ^ as it is highly probable that it fulfila a 
special glandular function. 1 have therefore named the original 
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gfakud and the distal, larger part the first and second oviducal 
glands respectively. A glandular appendage connected with the 
letter was found at thp extremity of the oviducal apparatus. It 
was somewhat damaged, ho that it ia. uncertain if it is a separate 
organ or merely part of the second oviducal gland. The nida* 
mentaiy glands are larger and more solid than in Weiss’s figure. 
They are two- thirds the size of the oviducal glands. In general 

Text- figure 10. 



liiatioieuthii honalUctna, Oviducal gland, 
od., oviduct ; o,g.., oviducal glande ; g.a., glandular appendage. X 3. 

shape and fine structure they are, as Weiss points out, extra- 
ordinarily like the oviducal glands, even to the deeply-excavated 
fold which constitutes the characteristic oviducal aperture. The 
question indeed presents itself whether they may not be morpho- 
logically the rudiments of a second pair of oviducts. 

As in Thyaanoienihisy the oviducts proper become thicker and 
more convoluted in the middle of their course. 

Male System, 

The accessory glands were quite large, and Needham’s organ 
contained spermatophores (text-fig. 11). The testis, however, 
was in a very undeveloped condition. 

The figure of the closely-allied OaUUetUhis given by Chun 
(1906, fiig* 6) shows remarkable bilateral symmetrical male organs. 
This condition is not found in the present genus. Neither Chun 
near Weiss figuiNs the male genitalia of the latter* The usual three 
accessoty glands of the vas deferens are present ; the ciliated canal, 
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prostate, and appendix of the latter are present. Needham V 
organ is very slender and very long, extending to the extremity 
of the visceral cavity. It contains spermatophores of the type 
figured (text-fig. 11). The sperm-plug is very short compart 
with that of CMiteuthis (Chun, 1910, pi. xx. fig. 8), and may be 
an indication of immature condition. The spermatophores are 
otherwise completely developed. 


Text-figure 11. 



Hiitioieuthis honelliana, Sperinatophore. X 19‘7&. 

The complete development of the secondary sexual organs 
(? exclusive of the hectocotylus) is in sttirtling contrast with the 
fact that the testis was found to be in a very rudimentary condi- 
tion, present only, in fact, as a thin strip of tissue 2- 3 mm. long. 
The physiological significance of this and its bearing on the 
problem of the development of the secondary sexual organs will 
be discussed elsewhere. 


The Alimentary System, 

The mandibles difiTer from those figured by Verrill (1879, 
pi. xxvii. fig. 4, H, eollinsii » homlHana), The rostrum of the 
upper mandible is not markedly curved as in Verrill’s figures, but 
nearly straight, becoming curved only at the tip. Nor is the 
palatal plate so upright. Certain other smaller dififerences are 
noticeable. In the lower mandible the top of the rostrum is not 
curved in the same direction as in Yerrill’s figure, while the 
rostral lamin» are more expanded. The figure of the mandibles 
given by Ferussac (1835, pi. Ixvi. fig, 6) agrees partly with 
YerrilFs figure and partly with the Cape form. 

The radula has been figured by Verrill (1879, pi. xxxvii. fig. 5) 
and by Thiele (1921, pl.liv. fig. 21), VerrilTs figure is unsatis- 
factory, as it does not agree with the text {I, e, p. 237). Com- 
parison with Thiele’s figure renders it possible that in this organ 
at least the Cape form shows certain differences of a varietal 
nature. The median tooth is more or less similar in both cases. 
The base and inner edge of the admedians differ* The laterals 
are similar ; while the marginals (in a very carefully extracted 
and mounted specimen) are entirely wanting, 

Tlie mstfphagus is long and exceedingly slender* Posteriorly 
to the cephalic cartilage it is as narrow as tlie (double) visceral 
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nei’ve. The stomach is dark purplish brown in external colour and 
piriform in shape. The caecum is somewhat lighter in colour and 
very distinctly spiral. The rectum is stout and receives a very 
slender duct from the ink-sac. The latter is small and, together 
with its duct, measures about 14 mm. in length. The salivary 
ducts are fused together a little below their point of union with 
the glands. 


iVei^vous System (text-lig. 12). 

The cerebral, visceral, and pedal ganglia are closely approxi- 
mate, and may be piiictically regjirded as one mass. The pedo- 
bmchial commissures are fused into a single strong median trunk. 
The brachial ganglion is separate^l and at some distance from the 
other main ganglia. The ganglia are largely encased in the 
cephalic cartilages. The optic ganglia are very large. A cnriour^ 
fisyminetry of tlie vist^eral nerve was found. This nerve accom- 
panies the msophagus and passes through the back of the cephalic 
cartilage as a single trunk. At this point it divides into two 


Text-figure 12. 



Iligtioteufhif bonelliau^. t’eutral iievxouh system. 
p.r.t brfic)iio-pt*diil couaective fiiiiiicl nprve; o.w., optic nerve : opj*., awopluig:u's ; 
pedal ganglion ; |K)., parn^^opliageal ganglion. 


hinncbes, and almost at once each hnuich gives rise to a ganglion : 
from the left-hand member of this pair a large nerve runs 
forwai’d with the cesophagus and enters the tissues of the pharynx. 
A second smaller nerve apparently passes to the viscei'al ganglion, 
though the connection could not be made out with absolute 
certainty on this side. On the right only the connective witli 
the visceral ganglion 00001*5. 

The eephcuie caHUaye . — This is divisible into a more solid 
median area and two lateral expansions which constitute the 
eye-sockets. The median portion is saddle-like. Part of the 
ganglionic complex is covered by it, and it is pierced dorsally by 
a foramen, through which the oesophagus etc. pass. The lateral 
expansions are very thin and delicatSt and are markedly concave, 
the concavity being directed ventrally and outwards. 
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Distribution^ 

Tins species is well known fi^om numerous localities in the North 
and South Atlantic, from the Mediterranean, and from one record 
(Thiele, 1921, p. 452) in the Indian Ocean, south of Madagascar. 
Oertain differences between the specimens recorded are obvious 
(e. g. in the radiila and mandible of the previous form) ; but their 
taxonomic significance is veiy uncertain. Their correct inter- 
pretation vvoultl depend on more plentiful material than is at 
present available. 


Family 0 m m a t o s t r u r ii i d .e. 


ToDABOPSIS EHLANJ5 (Ball). 


9 specimens 

from Station 9, Oape Town, 

1 00 fms. ; 2 cf , 7 2 


»5 

11 

7, 


112 

„ 

2 

?» 

11 

7, 

11 

126 

„ both r? . 

1 



44, 

11 

85 

„ 6. 


11 


54, 

•1 

67 

„ acf.i? 

2 

11 

11 

20, 

11 

67 

,, 1- c? , 1 $ 

1 


11 

58, 

11 

104 

» $. 


This form has been very fully described by Pfeffer {Lc. p. 42.*1), 
but, owing to its wide distribution, it is desirable to present such 
data as may make the relationship of the Northern and Jjouthern 
forms plain. 

Neck-folds . — The two halves of the anterior ti’ansverse fold vary 
in their method of contact from a straight line to an angle of 
some 150^. 

The width* between the transverse ridges also varies consider- 
ably. Thus in a large specimen we. find it measuring 6 mm., 
the same as that* in n. specimen less in size, while in a specimen 
measuring 89 mm. in mantle-length it measures 3’75, and in one 
of 84 mm. it is 5 mm. The direction of the longitudinal ridges 
is uniformly as described by Pfeffer, except tliat of the third 
ridge, which varies through about 45^. The malar fold in two 
specimens is very nuich reduced and the malar projection (at 
the dorsiil angle of the funnel-fossa) is exaggexuted. 

The dimensions of the fins are given in Table I. From it we 
gather that the ratio of the fin-length to that of the mantle is 
higher on the average than that given by Pfeffer (p. 432), viz. 
51 per cent, as compai*ed with 45 per cent. Similarly, the average 
fin-width x*atio is 74, while PfeffeFs figures yield 77 per cent. 
We have to determine whether these figures are significant. 

Tbei’e is a marked correlation between the fin-length and 
fin-breadth ratios and the size of the animal, larger specimens 


* Thito uieusurement is taken across the admoclian doml (Srd) longitudinal ridge. 
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tending to have relatively longer and narrower fins. Whether 
this is a true age-difference or not it is difficult to say, but in all 
probability, even on such exiguous numbers as are available, size 
is a fair index of age. This has been previously commented on 
by Girard (1890 passim^ 1891, p. 44). The average length of the 
mantle of the twenty-one examples from the Cape is 87 mm. ; that 
of Pfeffer’s ten examples, for which figures are available, is 89, 
which we may regard as equivalent. 

Wliether there is any correlation of these characters with sex 
it is very hard to say. The females outninnher the males by two 
to one, while the numbers available are very small. The follow- 
ing table represents the available knowledge : — 


Table 1. 


Mantle-length . 

Mantle-length . 

(mm.). 

Mantle L. 

(mm.). Mantle L. 

Pfeffer : 

cJ (4). 

2 (5). 

92 

45 

86 46 

0. C. R. : 

e (7). 

51 

2 (14). 

80 

77 51 


It is inadequate for a final judgment, but seems to indicate no 
particular difference between the sexes. Girard (’90 a and h) does 
not refer to any sexual differentiation in this respect. 

The anas show very considerable variation in size and relative 
proportion, both individually and in the opposite sides of the 
same individual. 'J'hus in nine cases, only two showed the same 
relative sizes on the right and left sides. Jt is natural that a 
structure so liable to injury and modification as the arm-tips 
should exhibit such variability. 

The second arm is usually the largest, hut in nine cases three 
specimens have the second and third equal in size on the left, and 
tliree cases (not the stime) have the same on the right. The first 
pair is usually the shortest, but in the same nine cases the 
fourth is the shortest twice on the left and three times on tlie 
right, while the fii*st and fourth are equal twice in both cases. 

In assigning tlie above proportions, cases which are within 
3 mm. are regarded as equal. 

The data given above are in agreement with Pfefler’s descrip- 
tion of North Atlantic material. The first pair has no carina, 
but tlie ventral edge of the somewhat quadrangular arm some- 
times shows a trace of a membrane {cf, Hoyle, 1903, p. 2). 
The “ Schutzsauiiie ” are very well-developed, and do not appear 
to differ from previous descriptions except that in the latter no 
mention is made of the fact that the muscular supports of the 
membrane are prolonged half-way across the arm as *‘qoer 
Balken,” in which the stalks of the suckers are involveil. The 
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second pair corresponds with the previous description, though it 
moy be mentioned that the carina is very well developed in all 
specimens. As regar<ls the third pair, I find the well-developed 
carina frequently begins at the arm-base, contrary to Pfeffer^s 
statement (1912, p, 426) that the proximal quarter or fifth is 
free. The fourth arms have the carina replaced, as Pfeflfer 
states, by an ** Ausserkante,” but I have found no specimen in 
which this could be described as ‘‘ massige.” Contrary also to 
Pfeffer’s description, I find the ventral- ‘‘Schiitzsaum ” tends to 
be somewhat more strongly developed than the dorsal. 

The Buckera of the sessile arms ofter some contrast to those 
previously described. Pfeifer says these suckers are provided 
with six triangular teeth flanked by a pair of squarish teeth 
(eight in all). After careful examination of numerous examples, 
I find nine teeth in all to be the average, while abrupt transition 
from “triangular’’ to squarish (“dreieckig” .... “Zinnen- 
formig”) is by no means the rule. 

The ientades , — The form and keeling of the shaft resembles that 
of the Northern form with great constancy. The club in eleven 
cases was somewhat under the average size given by Pfeflfer 
(“zwei Fiinftel oder mehr der Gesamtlange”). The numbers 
and grouping of the suckers ©n the club correspond in detail with 
Pfeflfer’s description. Diffe*'ences of detail, such as the occur- 
rence of three suckers on the left carpus and four on the right, 
are met with, as well as asymmetry of the large (median) suckers, 
of which eight pairs occur on the left and seven on the right. 1 
find 22 or 23 a more frequent figure for the distal sucker pairs 
than 20. The tentacular suckers are furnished with an average 
of 30 teeth (range 27-33). This is the actual number found in 
the type-specimen {cf, Hoyle, 1903), but it is lower than the 
figure given by Pfeflfer, which is 34. There seems to be no 
relation between the number of sucker-teeth and age or sex. 

The hectocotylized arm attains in one specimen the degree of 
development described by Joubin (1920, p. 59) for a Gulf of 
Gascony specimen. These are the only two cases known of this 
extreme degree of dififerentiation. 

The radula resembles that figured by Hoyle (1903, pi. i. fig. 6). 
’rhe figure given by Jatta (1896, pi. xii. fig. 16) does not show the 
isolated teeth, and is therefore a little unsuited for a detailed 
comparison. The median, admediau, and outer teeth agree very 
closely with Hoyle’s figure. In the three specimens examined 
from the Cape, I find the outer teeth do not exhibit such a 
marked angle Instween the cusp and the basal portion. This 
angle is more marked in Jatta’s figure, but I suspect this may be 
the result of diflference in orientation. Hoyle shows no cusp on 
the inner side of the second lateral. This would be a very 
marked diflference, as the cusp is very strongly developed in the 
Cape forms; but it is indicated in Jatta’s figure, so that 1 am 
justified in concluding that it is present in the European forms 
and was overlooked by Hoyle. 
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I do not consider that there are any differences in the radula 
between the North and South Atlantic forms large enough to 
warrant a varietal separation. 

The gladius. — This structure is figured by Jatta (1896) and 
Pf offer (1. c. pi. XXX.), and certain differences are to be noted be* 
tween these two figures. The Cape specimens are fairly constant 
in shape, and appear to be midway between the above-mentioned 
accounts. The spoon” is smoothly leaf- shaped, as in Jatta’s 
figure ; but the extremity is pointed, as in Pf offer’s figure. 

Summary. 

A careful consideration of the critical features described 
above leaves one with a strong impression that the Cape 
forms are not only specifically identical with the Northern, 
but also that they do not even constitute a distinct variety. 
The arms, tentacles, suckers, gladius, and radula offer no constant 
difference ; while such differences as are to be noted, e. g, in fin- 
proportion and denticulation of the suckers, are not sufficiently 
correlated in the same individuals to lead one to think that they 
were permanent genetic features. With regard to one of these 
characters (denticulation of the suckers), we do not possess very 
full information as to the range of variaVdlity in the Northern 
forms ; while the avemge differences noted above are not large 
enough in themselves to suggest a varietal difference. 


Family C h i R o t k u t h i d -K . 

Mastiootguthis sp. A. 

One specimen (? sex) from Station 277 ; 820 fathoms. 

The specimen is in a very poor condition. The epidermis has 
been scraped from practically the whole of the body ; the visceral 
sac and head are very badly damaged, and some of the arms are 
imperfect. A portion of one tentacle was preserved. 

The mantle is slender and, when intact, was probably shaped 
like that of M. fiammea (Chun, 1910). It terminates in a slender 
prolongation of the gladius. The visceral sac terminates at 
about 9 mm. from the anterior end of the fin. It is not apparent 
in the present condition whether the gladius was covei’ed as in 
flammea by quite an extensive pallial continuation, or whether it 
was practically naked as in M. grimaUdii ( Fischer Joubin, 1906, 
pi. XXV. fig. 6). In any case, the termination of the visceral sac 
is not abrupt as in grinuddii^ nor yet so near the anterior border 
of the fin. The mantle and head were a|^rently covered with 
numerous light-organs, as a small patch of skin was found on 
each covered with these structures. 

^ The,/?ns seem to be intermediate in shape between M. flammea 
and M. grimaldii. Bach fin is roughly triangular as in the 
former, but its anterior and posterior sides are more curved, 
giving a circular appearance to the pair as a whole. In grimaldii 
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the fins are more or less pentagonal in Jonbin’s figure (1895, 
pi. iii. fig. 1), while in the later figure (Fischer Joubin, 1906, 
pi. XXV. fig. 6) the sides are asymmetrical. The truth is that 
lesions and contraction may modify the fin -shape very much, 
while, in addition, age and other circumstances must unite to 
render them a very unsatisfactory taxonomic guide. 

The relation between the fin-length and the mantle-length has 
been used by Pfeffer {Lc. p. 612), together with the size and 
direction of the eyes, to separate flammea and grimaldii, I am 
very sceptical as to the vajue of the figures given (fin-lengtli 
three-fifths of the mantle-length in grimaldii^ two* thirds in 
Jlanwiea), This difference is too slight to be of much value. 
Thus in our case the ratio is 25 : 41, or actually three-fifths. 
It is scarcely likely that an additional 2 min. in the length of 
the fin necessary to raise it to two-thirds of the mantle could be 
significant ! 

The eyes are in very bad condition. The right-hand one has 
been torn from its socket. The left-hand one is not directed 
forwards as in grimaldii (Joubin tfe Fischer, 1906) ; but I do not 
regard this as of very great im|>orta.nce, as in the same species 
the eyes are shown (Joubin, 1895, pi. iii. fig. 1) directed more or 
less laterally. 

The articulatory cartilages (text-fig. 13) are very unlike any other 
known species, owdng both to the reduction in size of the aperture 

Text-figure 13. 



8p. X 8. 

AdhcsUc orjjrnii (left), at.^ antitnigus; tragns. 

and to the peculiar development of the lobes. In the first cf 
these it is exceeded by J/. cordiformis Chun ; but it is dis- 
tinguished from that species by the very prominent tragus. The 
development of the lobes found in this form are foreshadowed in 
flammea (Cbtin, 1910, pi. xxxv. fig. 3), but in that form the anti- 
tragus is very marked, and in any case there is great variation in 
that species (cf* L c. fig. 4). The form found in Chiroteuthis is 
more comparable to this than tlie other species of the genus. 

The suckers. — Certain differences from the allied species, prob- 
ably of taxonomic importance, are found in the teeth of the 
sessile and tentacular arms. In the former the teeth of our 
specimen are far more prominent than in flammea. They are 
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about as niimei'ous as those of grimaldiif but not so long. Those 
of the tentacular suckers differ from those of flammea in being 
very numerous, very closely crowded, and rather short. 

Length of tentacle 160 mm. 

Length of arms : 1 17±1 mm. 

2 26 - 4:2 „ 

3 23 - 4:2 „ 

4 65 mm. (L.). 

I do not consider that the arm formula is any guide to taxo- 
nomic position ; but the very considerable size of the tentacle 
and of the fourth arm, which are respectively four and one and 
a half times as long as the mantle, are outstanding features. 
The second of these differentiates this fonn from flammea and 
yrimaldlL Tlie only form which approaches the tentacle-mantle 
ratio is J/. (ujaaslzi (Verrill), while in all the other species the 
fourth arm is never more than slightly larger than the mantle in 
length, except in the young specimen of M, grimaldii (Joubin), 
in which it is nearly the same as in this form. The adult of 
grimaldii^ however, shows a different size ratio (41 : 41). 

On the available evidence 1 do not consider it safe to regard 
this form as a distinct species. In several features it seems to be 
intermediate between grimaldii and Jiammea^ in others to stand 
apart from the other known species. 

Some ten species of this interesting genus are known, as well 
as two uncerUin forma. Of these, seven and an undetermined 
fragment comes from the North and Central Atlantic, one {cordi- 
formis) is found off Sumatra (Chun, 1910) and the N.W. Pacific 
(Sasaki, 1920), one is found on the East African Const in equa- 
torial waters, and two {(lentata Hoyle anvl (i)fam.elica Berry) were 
obtained from the Pacific Ocean. The metropolis of tlie genus 
therefore seems to be the North Atlantic, while the affinities of 
this form are, as we have said, distinctly with the North and 
equatorial Atlantic forms grimaldii and flammea. The members 
of the genus are usually obtained from great depths, nearly all the 
records being from over 1000 metres, and three coming from over 
3000 metres. The development of large rhombic parallel plates 
recorded by Chun for M, hjorti (Chun, 1914, p. 8) is very 
interesting. The plates in question may be analogous to the epi- 
dermal plates of MoroteiUhis^ which are considered by Lonnberg 
to have a hydrostatic function (v, above, p. 598). 

Family Cranchiid^e. 

Subfamily Cranchiin^. 

PVRGOPSIS PACIFICA (Issel), 

One specimen (? $ ) from Station 268, Natal ; 100 fathoms. 

This speciihen, a welcome addition to our limited material 
of this remarkable genus, is in very gcx)d condition. It was 



620 


MR. G. C. ROBSON ON THE OEPIlAIiOPOm 


thought inadvisable to dissect a single example of this delicate 
form, although we are in need of anatomical knowledge of the 
gei)us. 

Chun (1910, p. 364) regards achmehageni^ rhynchophora^ and 
zygcena as synonyms of padjica. Pfetfer (Z. c. p. 657 ) separates all 
four, and gives a somewhat unsatisfac’^ory key to their diagnosis. 
Until more material is forthcoming, T do not think discussion on 
the subject is very profitable. In any case, the characters upon 
which Pfeffer has chosen to discriminate the species are of dubious 
value. They are considered by him to show specific differences 
in the fins, supporting membranes of the arms, and in the eye- 
{peduncles. With regard to the fins, I usually find it necessary to 
treat such evidence witli caution. As we have already seen 
(p. 615), their shape varies with age and they are subject to lesions. 
From the present example the specimens of jxtdfica described by 
Issel and Chun differ somewhat in this respect. Though more 
quadrate in shape and more transversely elongate, the fins of this 
specimen approach the circular shape of padjica rather than the 
triangular form of schneehxigem. In this they agree with the 
two specimens obtained by the * Terra Nova ^ and described by 
Massy (1916, p. 168). 

With regard to the “ Schutzsaume,” it is again very diffi- 
cult to draw a line. Issel’s figure (Z. c. fig. 38) shows them well 
developed, especially on the fourth arm. Chun’s figure (Z. c. 
pi. lii. fig. 3) illustrates them in the reversed position, but they 
do not appear to be so wide. They are moderately developed in 
the present case. Again, as to the ocular peduncles, we here 
actually encounter an error on Pfeflfer’s part. He describes 
the peduncles of schneeha^eni as geschwollen ” and those 
of padjica as ‘‘schlank.” Actually his figure (Z. r, pi. xlvii. 
fig, 18) shows a very narrow stalk carrying a more distal swell- 
ing. The peduncle of padjica cannot very well be described as 
^‘schlank” {cp, Issel, Z. <?.), as they are stout. Fortunately we 
can rectify this discrepancy by refeience to the ‘ Terra Nova ’ 
material. The specimen from Station 126 has an ocular peduncle 
exactly like that of Pfeffer’s achneehagenij while that from 
Station 139 i*esembles the type-figure of Issel’s padjica. I am 
strongly of the opinion that the only difference is one of 
shrinkage. 

On the characters actually given by Pfeffer, I do not consider 
that we have any reason for maintaining any specific difference 
between padjica and achneehagenL There seems to be some 
marked variation in the proportion of the head. Issel’s figure 
makes the ocular peduncles more than twice as wide as the 
former, whereas in Chun’s figure they ere nearly the same width. 
The South African form resembles Issel’s figuio in this respect, 
as does the ‘Terra Nova’ specimen from Station 139. The 
shape of the head is also dififerent in the ease of Ohun and Issel’s 
figures. 

There is some marked and important diflference in the extent 
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and tubwculation of the cartilaginous bands. The following list 
summarizes these : — ^ 

LengtU of bands. Number oi tubercles, 

Issel } length of the mantle. S-f-l 

Chun i „ „ „ 10 

Massy i „ „ „ (tubercles). 13 & 16 

Cape form ^ „ „ 13 <k 16 

In the last*named the actual bands only occupied a quarter of the 
mantle^length, but the tubercles are continued much further up 
the mantle. This circumstance may serve to explain the marked 
discrepancy in the above differences. Issel figures a median 
cartilaginous (?) row which is absent in the other forms. 

I would hesitate before reducing achneehageni to a synonym of 
pacifica. The arrangement of the tubercles of the cartilaginous 
bands in achneehagem to indicate some degree of separation, 
though it must be confessed that there is otherwise not much 
difference. The chromatophores correspond in general very 
closely with Issel’s figure. 

The shape of the mantle itself is subject to a marked variation. 
In Issel’s figure and in the ‘Terra Nova* specimens it is very 
slender apiailly, the width diminishing upwards from just behind 
the mantle-opening. In Chun’s figure and in the South African 
form it is more sw'ollen and cigar-shaped, and the maximum 
width occurs at about half-way up the mantle. 

Another source of variation is in the teeth of the tentacular 
suckers. Issel’s specimen had these suckers wholly toothed, 
• Chun’s figure (fig. 2) shows them quite bare, while Massy de- 
scribed the ‘ Terra Nova ’ specimens as having the large suckers 
partly toothed (I, c. p. 169). The suckers of the Cape specimens 
are completely denticulate and, in addition, bear a row of laminge. 

On the whole I consider this form to be j*eferable to pacijica. 
The nature of the variation described above (even w’here the data 
are reliable) is very ambiguous, and in view of the fact that the 
Natal form combines many characters of Issel’s type with those 
of Chun’s specimen, which again can beshowm to exhibit features 
like Issel’s form though difiering in others, I feel that we are 
dealing with a polymorphic species rather than assemblage of 
distinct forms. 

Knotvn diatHhution, 

Tahiti (Issel); Sngami, Japan (Pfeffer); Atlantic, 0® 29’ N., 
18® 57' W. (Chun, Thiele); New Zealand (Massy); ? Chili 
(Pfeffer — schneahagetii); South Africa (G. C. B.). This wide 
distribution might be increased by including Yerany’s Mediter- 
ranean zygcena^ Rochebrune’s rhf/iicho^ora (St. Paul), and Beiry’s 
N.W. Atlantic hmur (Berry, 1920, p. 298). I am, however, in 
agreement with Pfeffer in keeping the first two separate ; while 
as for the last, it is somewhat difiicult to make a complete 
pROO, ZooL. Soc.— — 1924, No. X^LI. 41 
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comparison from a provisional diagnosis in Avhich some characters 
of value are not yet discussed. I am inclined, however, to agree 
with Dr. Berry’s judgment in keeping the North-West Atlantic 
form as a separate species. On this view% the genus is seen as a 
cosmopolitan one frequenting tropical and sub-tropical waters, 
with its metropolis probably in the West l^icific. It is com- 
posed of a very polymorphic species (pacifi>ca), of which local 
forms or nascent species are seen in lemur and achneehayeni at the 
opposite extremes of its distributional area, while zygcena and 
rhynohophora^ on Pfeifer’s view, represent a more definite dicho- 
tomy of the genus. A renewed investigiition might serve, how- 
ever, to lessen the difference betw^cen them and the /^an/fca-stock. 

Liocranchia REiNnARDTi Steenstrup, var. a. 

Three examples (2 J adult, 1 ? immatui'e), Station 100, 
Natal ; 220 fathoms. 

The three points of difference on which this form tends to 
diverge from those previously described have been already 
discussed (Robson, 1024 6, p. 6), and there is nothing to add to 
them. It is desirable, however, to point out the distributional 
relationship of this form to L, valdivim Chun. 

jL, valdivim is recorded from the Indian Ocean (?;. Pfeffer, 
1912) and from the Kii province of Japan (Sasaki, 1920). 
Z. reinhardti, on the other liand, has a very extensive range from 
the North Atlantic and Caribbean Sea to the South Atlantic, 
China, New Guinea, and is actually recorded from Peru, 

Valdivim is said to differ from reinhardti in the absence of 
tubercles on its gladius. It may be pointed out that reinhardti ' 
occasionally exhibits tiiis condition. 

In the absence of adequate material we obviously cannot 
discuss the affinities of these forms to any effect. I do not 
suggest that valdivim should he identified with reinhardti, though 
it may very well be that it will one day be treated as a variety of 
that species. What is interesting, however, is the fact that the 
more localized L. vfaldivice is found in the middle of the horizontal 
distributional area of the more widely-ranging species. In the 
Indian Ocean, valdivice and reinhardti are found in practically the 
same areas, viz. just north and south of the Equator. It may be 
remarked that of the seven records for valdivim given by Chun 
(1910) and Sasaki (1920), five are from 2000 metres or over, one 
from over 1300 m„ and one from 500 m. Of the eight records 
of reinhardti^ four are from under 1000 m. We may ask our- 
selves whether this case of a variety or incipient species occurring 
in the middle of the range of a more widely-distributed pelagic 
species is not explicable by its more or less permanent acquisition 
of a different vertical distribution. Many more cases would be 
necessary before we could establish this, but I may point out that 
the form named by me Ahralia gilchristi is structurally very near 
to A. nwriaii Ohun, and occurs in the middle of its range. In 
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this case gilchristi was foutul (two specimens at different stations) 
only down to 280 fins.; while morisii has a recorded i^ange of 
2000 m. to 628 m. 000-31 9 fathoms). 


Liocranchia intermedia Robson. (Plate I. fig. 5.) 
Liocmuchia intermedia Robson, 1924 6, p. 6. 

One example ( d ) from Station 174, Natal Coast; 260 fms. 

The following details may be added to the description of the 
external facies of this interesting form : — 

1 . The fins project some 6 mm. beyond the tip of the gladius. 

2. The chromatophores are less plentiful on the posterior sur- 

face of the heiid than on the anterior. 

3. Tile gladius is ornamented with a row of tubercles over the 

anterior half of its length. 

4. The suckers of the second arms increase in size from the 

adoral end, the maximum size being attained between the 
fifth an I tenth suckers, after which there is a gradual 
decrease in size. 

5. The Schutzsaum ” of the second arm is markedly frilled 

by the development of strong transverse ribs. 

G. The third arm is stated in the preliminary account to have 
nineteen ^mirs of suckers. As stated, it is very difficult to 
make certain of the exact figure ; but in this case it is 
more likely to be seventeen. 

7. The fourth right arm is hectocotylized, not, as stated 

originally, the fourth left arm. In this it agrees with 
J^i/rgopsis and Cranchia (s. «.), not with Liocranchia. The 
distal half of the arm is hectocotylized ; thei*e is a well- 
developed swimming membrane, while the “ Schutzsuume 
are practically absent. 

8. On the median area of the tentacular hand there are four 

rows of suckers with specially long stalks on the ventral 
side. In both tentacles the proximal median suckers are 
torn away, so that it is doubtful how they are diflfer- 
entiated in size from the carpal suckers. Of the latter 
there are four rows of smaller sngkers diminishing to two 
rows. 

9. There is a well-developed lateral membrane as previously 

described. This is pi*obably the equivalent of the carina. 
Both the Sohutzsaume’' persist on the manus, that ol 
the ventral side being especially well-developed with well- 
marked “ querbriicken.” 

10. On the tentacle the median and admedian sucket^s are 
completely toothed. This, again, is a character seen in 
Pyrgopaia^ not in Liocranchia. In Cranchia (s.s.) the 
suckers are completely toothed only in the adult con- 
dition. 


41 * 
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In default of more information it is impossible to assign this 
animal to any definite place among the (Egopsida Oonsuta, The 
possession of four (two on each side) cartilaginous bands place it 
at once in Pfeifer’s Cranchiform group. On the other hand, its 
long thin LeachiaAikQ body and large circular fins suggest affinity 
with that genus. 


Cranchu scabra Leach. 

One example (probably $) from Station 277, Natal Coast; 
820 fathoms. 


Vimensims , — 


Mantle-length (ventral edge to tip of fins) ; C5 mm. ? + 3. 
,, width ; 45 mm. 

„ aperture, diam. ; 28 mm. 

Fins, length ; 11*25 mm. 

„ width (total) ; 18 mm. 

Tentacles, length ; 794:2 mm. 


I from oral membrane. 


Arms: 1st pair; 

12*5 ^ 

2nd 

20 

3rd 

26 i 

4th „ 

21*5 ^ 


In addition to the specimen 82 mm. long described by Chun 
(1910, p. 329), Pfefter ascribes one 90 (? 93) mm. to him, but this 
may be an error. 

The following differences from the previous descriptions may 
be noted : — 


A. The mantle-aperture is, relatively to the total mantle- 
length, much wider than Chun’s largest specimen, viz. instead 
of This feature is not noticed by Pfeffer. 

While I do nob think much importance is to be attached to 
the length-breadth index, owing to the liability to distortion, the 
mantle-aperture is less susceptible to such disturbance and is of 
taxonomic value. 

B. Chun and Pfeffer both figure and describe definitely short 
tentacles which are one-half to two-thirds the length of the 
mantle. These tentacles have strong bases which seem to taper 
slightly in the middle and then to expand to form the club. lu 
Pfeffer s variety tenuiteiitaculata they seem to be as long, if not 
longer than the mantle, and very attenuated in the middle. In 
the present example they are longer than the mantle and notice- 
ably thinner, if not actually attenuated, in the middle. 

d. The cartilaginous tubercles of the mantle (text-fig. H) have 
been figured by d’Orbigny (1835, pi. xvii. fig. 5), by Owen (1836, 
pi. xxi. fig. 5), and by Chun (1910, pi. xlix.% 4), but the present 
specimen exhibits tubercles of a slightly dififercnt order. 

The first description .shows six main divisions of the tubercle, 
while four is more frequent in the light of subsequent work. 
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Owen’s figure is not very satisfactory. It shows the square shape 
alluded to below, but the lesser tubercles are not clearly ehow’n, 
and appear as though they covered the whole of the top. This 
is, however, not the case in the later descriptions. On the other 
hand, Chun figures a tubercle which is by no means like that 
found in the present case. It is true that his figure is based on 
a half-grown specimen, but the difference in size is not sufficient 
to lead us to assume that an age-difference in the tubercles 
is involved. The main differences from Chun’s and Pfefter’s 
descriptions are; — (l)That the main tubercle is not cylindrical 
in my specimen, but mainly quadrate; (2) the base is larger 
than the apex in my example. That this is not due to an 
age-difference can be understood by studying Chun’s fig. 4, 
pi. xlix. The main tubercle would have to be worn down to at 
least two-thirds of its present size, in order to assume the 
shape seen in text-fig. 14, in which case the secondary tubercles 
would vanish altogether; (3) the four secondary tubercles are 
very much smaller in the Cape specimen. 

Text-figure 14. 



Cmnchia scahra. Mantle tubercle. X IS. 

The whole of the mantle is covered by a tough, semitransparent 
layer of a[>parently the same cartilaginous nature as the tubercles. 
The latter are planted on this, but not in close organic continuity 
with it. 

The inandihles are rather peculiar. The ventral pair, though 
in general like those of other Cranchiform (Egop.sida, is remark- 
able for having a small separate plate on each side at the angle 
between the beak and the anterior ramus. Tins plate is oblong, 
tootb-shaped, and appears to be movable on the main structure, 
to which it is attached by a ligament-like band inserted along the 
anterior edge of the ramus. 

The md/kda (text-figs, Ifi-lfi) consists of the usual nine teeth in 
a row. Of the latter, thirty-six could be counted. The teeth 
are remarkable for the great size of tbe last laternl, which is 
twice the size of the rhachidian. The marginals are large and 
well-developed. In Lioora^vckia gardiiie^i (1921, p. 434) I was 
unable to find any marginals, and Massy (1916, p. 169) does not 
figure any for Fyvgopsis paoyiea. Tlie eotocone of the first lateral 
is very strong ; no entooone is developed on this tooth, which 
approximates to the rhachidian in size. 
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This is a very widely-distributed form, and occuire in the 
Atlantic, Indian, and Pacific Oceans. It seems to bo absent from 


Text-figure 15. 



Cranchta tcahra. Hadula. X 200. 


Text-figure 16. 



Cranohia $eahra, Rudula. X 800. 

waters north of 31“ N. Its southern limit is npperentlj 32“ (th# 
present one), though it probably exceeds that in actual fact. It 
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was not obtained by tlie ‘ Terra Nova/ the Deutsche Siid- Polar, 
or the Scottish National Antarctic Expeditions in antarctic or 
sub-antarctic waters. 


Sub-family Taoniniinjs. 

GaIiIteuthis armata Joubin. 

One example {? ?) from Station 357 (Cape Town); 900 
fathoms. 

This interesting form has only been recorded on a few occasions, 
and the scarcity of specimens warrants the enumei*ation of 
certain important varietal data. In the preliminary report 
(19245) I followed PfefFer in regarding phyllura Berry, the only 
other species, as a variety of armata, 1 am now of the opinion 
that Berry's species is distinct. The following table sets forth 
certain of the more important diagnostic features in detail, and 
shows the amount of variation in armata. 


1. 

1 ufwata 

1 Joubin. 

1 (189«.) . 

2. 

armata 

Chun. 

(1910.) 

8. 

armata 

Robson. 

4. 

phtfllura 

berry. 

(1910.) 

Fitts (length) 

Well over 
^ size ot 
mantle. 

1 size of 
mantle. 

Well under 
i size of 
mantle. 

Mantle. 

1 

! 

Fin and gladius 
(exposed part). 

Exceeds 
total 1. of 
mantle. 

f mantle- 
length. 

i mantle- 
length. 

(No free part , 
of gladius.) 

TmtaeUs ; — 

1. Carpal ‘»urktM's 

6(? 7) 
suckers 
and equi< 
valent 
knobs. 

L. 12 suckers, 
6 knobs. 

H. 5 suckers, 
12 knobs. 

6 suckers, 
no pads. 

i 

8 suckers, 

8 pads. 

2. Median suckers 
(hooks). 

13-14 

12 

i 

10 

12 

8. Apical suckers .. 

12 

Four rows of 
4 and a few 
others (P 17 
ill all). 

22-26 

16 

1 1 

4. Stalk 

No suokeni 
shown or 
described. 

1. 

Alternating 
pairs of 
suckers and 
knobs. 

f 

Alternating 

suckers. 

i As in 2. i 

i 

1 1 
! i 

6. Length 

nr " 

About f total mantle- and 
gfiditts-length. 

Just under j Under ^ total 
total 1 length. ! 

mantle- and; 
gladiuR- 
length. 
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The mantle-organ is different in phyllnm and the Cape form, 
as the central plate is broader than long and the papillie are 
short in the latter, while in phyUura the cexitral plate is as Jong 
as it is broad and the papillfo are long. 

It should be noted in addition to the above differences that 
in phyllura the gladius does not project beyond the fin ; while in 
the Oape arniata it projects 5 mm, (in a specimen rather shorter 
than the type), in Chun's specimen it projects some 12 mm. 
(total length 112 mm,) and in the type it projects still more. 
This is probably an important systematic dili’erence, though 
we do not know to what extent shrinkage of the subjacent 
tissues and damage to the delicate gladius itself may not 
modify it. 

I think the facts given warrant the separation of Berry’s 
phyUura from armaia\ while in the present state of our know- 
ledge of this genus I do not think it right to give the Cape form 
a varietal rank. The absence of ctirpal pads on the tentacles is 
very surprising, but Joubin does not refer to them on the stalk 
of his armata^ and it is likely that they may tiuctuate in their 
occurrence. 

The Cape form shows marked deviation from the Mediter- 
ranean form in the shortness of the fins and the combined 
length of fin and gladius, as Wtjll as in the length of the tentacles 
and the number of the apical suckers. It is, as one would 
expect, nearer the equatorial form (Chun). 

As regards the distribution of these forms, armata is known 
in the adult stage from the Mediterranean, Atlantic, aiid North 
Pacific (Sasaki, 1920). Some uncertainty exists as to whether 
certain larval forms described under different generic nam^s 
should be attributed to this genus. Whatever may he the trutli 
as to such forms as Procallstes suhniii, 1 do not think there can 
be much doubt about the Weddel Sea Galiteuthis auhmii (Hoyle, 
1912, p. 283), though without seeing the actual specimen 1 would 
refrain from identifying it with armata, Armata therefore may 
be regarded as having a very wide distribution, although one 
would he grateful for a more complete description of Sasaki s 
Behring Sea form. 

Anomaloceanchia IMPENKIS Rohson. (Plate I. fig. 3.) 

Anoimahcranchia impennia Robson, 1924 6, p. 8. 

One specimen from Station 540 (Cape Town) ; 418 fathoms. 

A definition of the genus and of the external characters 
of the species has been already given. It is desirable to add 
a few comments to the original description of this remarkable 
form. 

I pointed out that, employing Pfeffer s key to the diagnosis 
oi‘ Cranchiform genera, w^e sliould place this form among the 
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TaouiuB-likQ Taoniinaa. It should, however, he pointed out now 
tliat the apical region of this animal is ** spaltachsig ’’ according 
to Pfeffer 8 terminology (apex of mantle bent ventrally), as in 
his TeuthoimniaAike Taoniinfo. The profile of this form is very 
like that of Hemenioteuthis jouhini (Pfeifer, 1912, pi. xlviii. 
fig. 14). I am, however, a little iincertaifi whether one can 
attach much importance to this feature. Against it we must 
set the projecting glad i us and (p. (>30 infra) the radula, which is 
far more like that of Cranchia (s. s.) and Desvioteuikis than 
TeutJwwenia. The radula, however, is not a very useful guide 
at present, os we do not know enough about the radular 
characters of the Taoniinae. 

The relationship of this form to the various genera placed 
in the latter group must remain as originally stated. With 
regard to the absence of fins, I wish to maintain a reserved 
attitude. In favour of the likeliliood that the animal once had 
fins i.s the fact that the thickenings round the end of the 
gladius originally described lire slightly irregular and frayed. 
Ill spite of this fraying, the edges are quite even and there is 


Text-figure 17 



AnomalocrancMa impennis. Funnel organ. X 0*0. 


no trace of special fin musculature. Furthermore, it is incon- 
ceivable that any enemy or even disease could have removed tlie 
fins on each side so evenly and symmetrically as not to leave a 
trace. On the whole I believe the animal is Unless, but I have 
exercised a certain amount of caution in using the absence of 
fins for taxonomic purposes. 

For the time being I consider that this animal cannot be 
accommodated in the scheme provided by PfefTeFs key. It 
appears to have affinities with the ^Vrtwnws-forms, but to show 
relationship with the TeuthawBniorgtoViYi on the one hand and 
the true Cranchias on the other. 

To the description of the external chamcters we may add the 
fact that the sessile arms are all provided ^vith SchutzsKume,*^ 
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It may be a$ well to mention that in the oi'iginal generic descrip- 
tion tlie edge of the mantle is said to be “ flanged inwards/' 
This is a little misleading. Actually the edge is bent outwards 
and downwards and in some places finally inwards so as to bo 
C-like in section. 

The aperture of the funnel, as is usual with the Cranchiida^, 
lacks a valve. 

The funnel organ (text-fig. 17) is of a form somewhat unusual 
among the Oranchiidse. The unpaired portion consists of a 
quadrate median piece and two elongate, ovoid prolongations of the 
latter which are about as long as the median piece. They bear long 
and stout papillsB. The paired lateral plates are ovoid and about 
three-quarters the length of the unpaired portion. The organ is 
not unlike that of Galiteuthis and JJesmoteuihis, but the limbs of 
the unpaired piece are much longer and the lateral plates are 
likewise larger. 

Intebnal Anatomy. 

The mandihleB are rather remarkable for the very small gular 
lamina of the inferior mandible and the deep palatal lamina of 
the superior. 

The radula (text-fig. 18) has markedly tricuspid median teeth, 
the ectocones of which tend to curve inwards. The ad median 

Text-figure 18. 

S 

Anomaloeratichia impennU. X 600 . 

latei^als have a low but well-marked ectocone and a feebly- deve- 
loped entocone situated upon an interiorly-directed process of the 
tooth. The outer laterals are normal, Yery degenerate marginal 
plates are present. This radula is very unlike that of Teutli- 
owenia and Liocranchia, The markedly ti^cuspid rhachidian 
recalls that of Desmoteuthie (Yerrill, 1882, pi. xlv. fig. 2 a), while 
the geneiul plan and the square-based, markedly tricuspid rhachi- 
dian teeth are not unlike those of Cra/iichia eoc^yra. 

The o&sophague (text-fig. 19) runs upwards as a veiy thin tube 
for some 35 mm. after quitting the cephalic cartilages. It expands 
somewhat just before the pylorus. The stomach is irregularly 
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ovoid in shape. The walls are thin, but in the apical region they 
are thick and muscular. The (esophageal and intestinal orifices 
are close together, and are situated in a special muscular diverti- 
culum into which the short bulbous ciecum also opens. This 
arrangement is very like that in DesnwtentMs (Chun, 1910, 

Text-figure 19. 



Anomaloeranchia impennU, digestive system. X about 2*6. 
c., cuKium } €»a,, cephalic artery ; (/.. gonad ; 2., liver; o., (esophagus ; 
s,, stomach ; o., ventricle. 

pi. Hv.). But in Anomalocranokia the ca>cum does not project 
quite so much as in Desmotmihis, The proportion and arrange- 
ment of the various pai*t8 is much more like those in the latter 
than those in Cranchia. The first part of the intestine is thick- 
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waUed and voluminous. It bends over the liver, narrowing down 
«s it does so, and terminates in a narrow rectum. The anus 
is furnished with two very large leaf-like appendages. The 
latter are set at right angles to tlie anus and are not erect 
as usual, but curl downwards. En Cranchia^ DewioteuthiB^ and 
Tenthovyenia long appendages are fonnd, while in Deamotenthis 
and Leachia they are leaf-like. 


Text-figure 20. 



Ammalocrmichia xmpennis, SuclvcrH. Tentacular sucker (dentate). X 260. 

The pancreatic duct opens as in JJeamotmthis* 'J’he liver, on 
the other hand, is remarkable, in that it is not spindle-shaped as 
in the latter and other Cranchias, but blunt and bent on itself 
at the ventral end. It is of a dark red colour, and is covered 
by the usual lustrous epidermis, which is of a hluish-purple 
colour in places. 

Circulatory System, 

Tlie heart has the same irregular shape seen in JJesmoiettihis, 
The point of departure of the anterior aorta is marked by a very 
definite constriction, and the aorta itself is veiy short and soon 
divides into hepatic and cephalic arteries, of which the latter 
accompanies the (esophagus and divides into two just before the 
head cartilages. The right efferent artery alone was followed. It 
leaves its auricle after a very marked constriction. Half-uay 
along its course to the gill is found an expansion of unknown 
nature, from which is given off a large vessel. There is a well- 
developed globular branchial heart with an “appendage.^’ 


Tribe 2. Hyopsida. 

Family Sepioltd.®. 

Heteroteuthis HAWAiiEKSis Berry, var. dauamensis Bobson. 
H, hawaiimeia var. dagamemia Bobson, 1924 p, 11. 

Two examplea ($) from Station 176 (Natal Coast) and 251 
(Cape Town) j 360 and 610 fathoms respectively* 
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No new additions have been made to this interesting genus 
since Berry described the Pacific species (1912, p. 819), though 
additional records of H. dUpar have come to hand which extend 
its range in the North Atlantic. 

After a careful comparison of this form with the three known 
species 1 am surprised to find that it is in closest agreement with 
Berry’s Pacific species. With dispar (V^rany) occurring in the 
North Atlantic (Joubin <k Fischer, 1906) and weheri at Amboina 
(Joubin, 1902) it is certainly odd that the Cape form should 
exhibit closer afilnity with hmmiienais. The following descrip- 
tion and discussion should leave no doubt in the mind that this 
identification is cori*ect. 


Dimensions, - 


Apex of mantle to tip of sessile 
arms ; 

Medio-dorsal length of mantle; 
Medio-ventral ,, „ ,, 

Maximum width of mantle ; 
Width across fins; 

Max. length of fins ; 

Length of fin -attachment ; 
Widtli across eyes; 

Length of dorsivl arms; 

,, second „ 

,, third ,, 

,, ventral ., 

„ tentacles ; 


JU. 

K. 

L. 
li. 
L. 
R. 
L. 
II. 


station 176. 

37 ±1 
19 
21 
18 
29 
15 
8 
14 


Station 251. 

48±1 

21 

23 

18 

36 

17 

12 

15 

12 

12 

18*5 

15 

16- 5 
15 

17- 5 
16*5 
32 


The body is plump and ovoid in shape. It is thus unlike 
hawfiiiemis, which is conical in outline. The dorsal surface is 
pointed apically, while the posterior is rounded, and these two 
surfaces are separated, as in Berry’s species, by a groove. The 
dorsfil surface is less rotund than the ventral, again as in 
hawaiiensis. The ^hape of the ventral edge of the mantle 
agrees with that of hawaitensis, except that the ventral shield, 
which is well -developed, does not project so far forward. In 
No. 1 it reaches a line drawn transversely through the middle 
of the eyes, in No. 2 it only attains a point on a level with 
the posterior quarter of the eyo. In haitamnsis it projects far 
beyond the eyes. The ventral shield is slightly emarginate as 
in hawaiieusisn 

The nuchal attachment resembles that of the Pacific species, 
but the locking-apparatus differs. The ridge on the mantle is 
sinuous, the sides of the liead-cartilage are not parallel, while 
the edges are fleshy. The two deep grooves figured and described 
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by Beri'y are absent from the ventral surface of the head. The 
eyes are prominent, but the head is not so wide as in havmiiemis. 
The sessile arms are connected by an irregularly-disposed web. 
The arrangement of this agrees with that found in toeberi and 
hawaiiensisy and differs from that observed in diapar. All these 
arms, except the second pair, show a keel. This special feature 
is found in hawaimisis, hut not in weherL 

The arrangement of tiie suckers is as in hawaiiensis, but Berry 
does not allude to a feature which is very noticeable in the Gape 
form. In the latter the suckers in most causes have very large 
columnar bases, which are probably derived from the transverse 
ridges of the ** Schutzsaiime.’^ This condition is best seen in the 
first three rows of No. 2 specimen. The horny rings of the 
suckers are smooth. 

The second pair of arms has the characteristic structure seen 
in haioaiiensis. 

The tentacles are fairly long. On the inner side they are 
angular, while the outer side is rounded. As in the Pacific form, 
they are slightly tapered and the diameter of the club is less 
than that of its stalk. The club is beset with numerous minute 
suckers. The orifices of these ax’c surrounded by a double cir cle 
of concentric roughly oblong plates, on the outer side of which is 
a single row of minute denticles. Berry does not describe the 
tentacular suckers of this species. 

Ju hawaiiensis Berry appears to figure, but does not comment 
\ipon, a narrow spimlle shaped structure placed at the base of the 
club along the edge. This structure is very plainly seen in the 
Cape examples. It measures about 2 min. long, and is distin- 
guished ill colour and texture from the neighbouring tissues. 
Tt looks superficially like a tightly- folded fin, but close examina- 
tion shows that this is not its nature. 

The dorsal surface of the mantle and head and the “ ventral 
shieUr’ is covered with a dense mass of purplish and black 
chroma toph ores. The fins and the apex of the ventral surface 
are lighter in colour, both surfaces of the fins being entirely free 
of colour. The ventral surface of the head is colourless, but the 
funnel is covered with chromatophores as well as the external 
surface of the arms. Dark chromatophores are also found on 
the inner surface of most of the arms. Conttrary to what occurs 
in hawmierisis. a number of reddish chromat ophores are found on 
tlie distal quarter of the tentacles. 

A search was made for the vestiges of a gladius, but without 
success. 

This form is distinguished from the parent species in the 
following chai\acterB : — 

A. General shape of the mantle and fins and certain other 
proportions— e. </., the noticeably greater length from the ventral 
edge of the mantle to the dorsal arms. 
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B. The jack of exaggeration iu the forward extension of the 
ventral shield. 

C. The narrowness of the head, 

D. The columnar bases of the suckers. 

E. The presence of chromatophores on the tentacles. 

Prom dispar Verany it is distinguished in common with its 
parent species by (1) the important difierentiation of anterior 
and posterior surfaces, (2) the presence of a ventral shield, 
(3) the larger fins, and (4) plump ovoid shape. 

From weheri it is distinguished by (1) the presence of a ventral 
shield, (2) the obli<|uely-Ret fins, (3) the differentiation of anterior 
and posterior surface of the mantle*, (4) the absence of a keel on 
the second arm, (5) the inequality in size of the sessile arms. 

Bossia enigmatica, sp. n. (Plate I. fig. 4.) 

Semirossia sp. A, Hobson, 1924 6, p. 10. 

Two examples : from Stn. 63 ( J ), Cape Town, in 220 fathoms ; 
and 8tn. 6 ( 6 ), Cape, in 151 fathoms. 

When first examined these specimens appeared to be more 
closely allied to Semirossia. The suckers of the sessile arms in 
one are very much enlarged and abruptly diminished in size, 
which is a character diagnostic of that genus. On dissecting the 
animals, however, it was found that the one with large suckers 
was a male, the other a female. As enlargement of the suckers 
of the sessile arms in the male of Rossia has been noticed by 
Jatta (1896, p. 137) and by Chun t (191.5, pi. Ixiii. fig. 1), there 
seems no ground for withholding this species from Rossia, 
especially as the majority of the other cliaracters points in that 
direction. We have, however, to note two interesting features. 
In the first place, in the male the median suckers are enlarged to 
an enormous size. They are relatively larger than tliose of the 
male R, macrosoma, and are oven larger than those of Semirossia 
Terra Nova’ specimens). In the second place, it seems 
that we have in Semirossia a very interesting case of a generic 
distinction (enlargement of suckers of sessile arms) being founded 
on a character originally present in the older stock as a sex-limited 
character. It remains to be noted that the marked attenuation 
of the arms in the male, and the quadrate median plate of 
the funnel organ, are features which, with more extensive 
material and greater acquaintance with the modifications of 
these organs in other Sepiolids, might warmnt a new generic 
distinction. 

♦ It i« possible that this character may he limited to the female*. 7f. weheri is 
known only from a male spjMJimen. , 

t In Chun’s figure the enlarged suckers of the sessile arms of maeti^ophora ( $ ) 
diminish abrnpth*. 
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Dinifnsions.- -- 


Total length (man tie-apex to 
tip of 1st arms) ; 

Dorsal length of mantle ; 
Maximum width of mantle : 
Fins, width ; 
length ; 


74 mm.i2 
27 mm. + l ($ 24*5) 
20±1 mm. 

47 mm. (both). 
25±1 mm. 

C^. $. 


Length of 1st arm pair ; 
,, 2nd ,, 

„ :ird 

„ 4th 

.. tentacles ; 


JR. 

J.. 

B. 

L. 

B. 

L. 

B. 

L. 

L. 

B. 


18 

17 

23 

'25 


tentacular club (L.) ; 1 5 mm. 


27 
?41 

43?-f.2 

|43±2 

30 ? + 1 
35 

60 mm. 

51 min. (contracted?). 


f25 

U? 

1 25 approx. 


The animal is of the usual Kosaia facies. The mantle in both 
sexes is rather longer than broad, Tlie eyes are very prominent. 
In the male they are slightly wider tlian the mantle. The neck 
is fairly narrow. A very characteristic feature, lacking in wluit 
is probably its nearest ally, Mossia mastigopKora^ is the very 
pronounced constriction below the eyes due to the narrowmess of 
the brachial coronet. The hms are almost as long as the mantle, 
to which they are inserted slightly obliquely. The mantle-edge 
is markedly undulating, the nuchal prominence, which is far 
more pronounced than in imstigophoraj being moie decided in 
the male. 

Very pronounced differences are found between the male and 
female as regards the arms. 

In the male, in spite of the complete development of the 
spermatoph 01*68 no hectocotylization was found. But nearly all 
the arms are remarkable in that their extremities are very 
attenuate and the suckers are widely spaced, either in pairs or 
alternating. 

Very unfortunately the suckers have been extensively removed 
from the arms, so that a full account is impossible. There 
are enough present to make the following statements. On 
the first arm there is a gradual increase in size over the flist 
eight sucker pairs, which again are followed by six pairs of very 
large suckers, after which there is an abrupt fail in size. On the 
right-hand arm the 9th ])air was the largest. 

On the second ai*m the same arrangement occurs except that 
the increase in size is very rapid, the third and fourth pair being 
very large. 

The third and^ fourth arms present the same general an*ang6* 
ment of suckers. 
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Ihe extreme distal suckers ai*e never nrianged in more thnn 
two rows, and the maximum diameter attained by any sucker is 
3-5 mm. 

Ill the female the suckers are almost entirely absent. The 
arms are of normal size, there being no attenuation of the 
extremities. 


Text-figure ^0/;. 



Bos/tia eniffmatica. Funnel organ. X 2‘6. 


The tentacular stalk is thick and stout over the majority of its 
length, the club being very gradually attenuated. There is a 
strong lateral inembmne which commences a very short distance 
before the sucker- bearing region. The suckers of the se^&sile arms 
have smooth, very narrow apertures. The aperture measures 
about a quarter of the total diameter of the chitinous area. The 
suckers of the tentacles are edentulous, and tlieir outer surface is 
covered with five or six circlets of plates (more than in mastiao- 
phora). 


Text-figure 2 1 . 



Russia miiffmalica. Ktitiulti. X lOU. 


The funnel organ (text-fig. 206) consists of a quadrate median 
plate and obloi^g lateral plates, which tend to become nru rower at 
tlie ventral end. The main plate is 13 mm. long, the laterals 
9 mm. It would be dangerous to generalize ns to the 
structure of this organ in the Bepiolidse, but judging from 
the figures of Rossia macroscmia (Jatta, 1896, pi. xv. fig. 3) 
Proc. Zool. Soc.— 1 924, No. XTJI- 42 
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B, ma 8 tigo 2 )hora (Chun, 1915, pi. Ixiii. fig. 5), fl-nd of that of 
Semirofisia tenera (B.M. specimens), in all of which, the median 
plate is \"-sluiped, this form differs essentially from the tv^o 
genera in (piestion in the qnadmte form of this plate. The 
rad Ilia (text-fig. 21) is unlike that of S. Umra (Verrill, 1880, 
])1. xhi. fig. 29) and 11, macroBoma^ in which the bases of the 
rhachidian teeth are triangular and the cusps of the ad medians 
markedly eccentric. H, ^ndpehrosa (Jatta, /. c*. fig. 11) shows 
an approach to the transversely elongate basal plates of this 
form ; but the first lateral is in general of a different shape. 
Its cusp is markedly eccentric and, owing to the slant of the 
basal plate, it forms nmre than a right -angle with the latttM-. 

Text.figure 22. 



llosaia enigmativa. Sperm atopli ore. X 12*5. 


The Bpermaiophorea (text-fig. 22) are very unlike those of Semi- 
roBsia (Massy, 1916, fig. 36), and resemble those of Jl. macrosoma 
(Russell, 1922, fig. 22). Tiiere is a difference, liowever, in that 
the sac and oral tube are d i ft eren tinted immediately after leaving 
the connective, whereas in //. macroxomrt the oral tul)e first 
appears much lower down, 'i’he head of tlie sperm -tube is very 
much convoluted in this form. This condition is not found in 
liossiu. 

It is very interesting to note that tl»e spermatophores are 
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completely developed, and yet there is no hectocotylizatioii. In 
RoBsia irtastigophora (Chun, 1915) there is no complete Rossiiforin 
hectocotylizHtion, though the animal lias the modified suckers 
alluded to above. Clmn says the animal is not yet sexually 
mature, though he does not state the grounds for this assertion. 
To judge by the case of R. pacifim^ enlargement of suckers in the 
male does not involve absence of hectocotylizjition. 

This species is genemlly not unlike R, ^masiigophora Chun; 
but it differs (a>) in the form of the funnel orgfin, (6) in the size 
of the fins, (c) in the form of the head and nuchal prominence, 
{d) arm-formula, and {e) diameter of the tentacular suckers. 
There is, moreover, a very striking difference in the shape of the 
extremities of the sessile arms in the male and in the diameter 
of the enlarged suckers of these arms (2*5 mm., Chun; .‘>*5 mm-.. 
Natal specimen). Chun’s male example was apparently about tlie 
same size as the present one. 

A second female from Stn. 4G (260 fathoms) is probably to 
be attributed to this form. It is larger in size; the mantle 
is longer relatively to its width, and the outer lateral teeth 
differ somewhat in the basal plates from euigmatica. It is in 
poor condition, however, and unsatisfactory for description. 


Family Sepiid.e. 

Acantjiosepion VEUMiOfLATA (Quoy k Gaimard). 

Sfipia venniculata Quoy k Gaimard, 1833, p. 64. 

Two examples ( cJ ) : from Stn. 386, 38 fathoms; and ? station 
(“Natal Coast '^). 

I have no doubt that this form is a representative of the 
‘Astrolabe* species, although there are two marked discrepan- 
cies between the two forms. 

The two specimens measure aliout 6*5 and 6*75 in. in mantle- 
length, and are therefore smaller than Quoy and Gaimaid^s 
example. They each exhibit a fully-modified hectoeotylus, so 
that tliey are probably mature. The characteristic coloui*- 
pattern of vermiculata is produced with gi*eat clearness, the 
only difference being that the transverse lines are light on a 
dark ground instead of the reverse. The lines show the .same 
tendency to fork at one end ^s in the type. 

The shell is very like that of the typo, except that in the 
latter the striated area begins to narrow down at a }K)int more 
than half-way from the rostrum, whereas in this form the reverse 
is true. Tlie result is that the rostral end of the striated area 
is more slender in the type. 

Tlie shape of the body is different in the two cases, as Quoy 
and Gaimard figure a very broad form, while the Natal forms 

^ 2 ^ 
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are narrower. 1 am not, however, iuclined to attach much im- 
portance to this. A most important difference lies in the ten- 
tacular club. Quoy (fe Gaimard and D’Orbigny figure the latter 
as having a number of large and small suckers irregularly 
arranged. They merely say in their respective descriptions that 
eight or ten are larger than the rest. In the Natal specimen the 
regular arrangement seen in text-fig. 23 is found. This is very 
like the condition found in hierreAa (r. below). Unless the 
condition figured in the original description is a careless effort 
to reproduce that seen in the N.atal specimen, or is based on a 
very much disarranged ‘‘ club,” it must constitute a marked 
difference between the two forms. 

Some slight differences are likewise to be noted between the 
i^andibles of the type and our examples. In the lower mandible 
of the latter the rostral lamellae do not slant smoothly outwards 
from the beak, but exhibit a boss or shoulder just below the 
latter, while the palatal lamella is not ridged as in the type. 


Te.xt-figure 23. 



Aamthosepion vcrmiculata. TenlHcular mauufi (diajirnmniatic). X 1’375. 


The horny ring.s of the tentacular suckers are not figured, 
but D*Orbigny says they are “ entiers,” i, e. not denticulate, 
which is the condition found in the Natal examples. The rings 
are provided with narrow necks (interior and exterior) and 
a large swollen middle portion. The rings of the suckers of 
the sessile arms are of two soi*ts. One is perfectly smooth ; the 
other has one-half of its circumference toothed, the other half 
smooth. 

D’Orbigny and E. A. Smith (1917, p. 20) were of the opinion 
that hierreda Kang is possibly identical with this form. There 
is a good deal to be said for this view, but the following points 
should be streSKsed : — 

(1) Vermimlata does not show the curious lateral lunulse of 
the mantle-surface seen in hierreda. While in the latter 
there is a kind of coarse vermiculate pattern on the 
smooth surface, it does not take the form of two lateral 
series of fine forked lines. ' 
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(2) Tlie suckers of the tentacle in Raiig's figure (1837, pi. 100) 
are neither in size nor arrangement like those of vermin 
culata, though in D’Orbigny’s figure of hierrsda they are 
of that nature. 

(3) The shell of hierreda differs slightly in having its posterior 

sides narrower than in vermiculata, 

(4) The horny rings of the tentacle suckers of hierreda are 
like those of vermiculata^ but those of the sessile arms, 
when seen in profile, consist of three distinct zones, of 
which the median far exceeds the inner and outer in 
vermiculata^ whereas in kierreda the difiference is not so 
excessive. 

Bearing in mind the northern range of hierreda (Goree, Bang) 
1 am inclined to think that this fonn may be a northern variety 
of vermicidata, if not a distinct species. 

Vermiculata differs very markedly from S. simoniana (Thiele, 
1921) in other i*espects, though there is a suggestion of reseni- 
bl.MUce in the shells of the two species. 

Rhombosepiox capense (d’Orb.). 

Sepia capeusis Ferussac & d’Orbigny, 1832, p, 278. 

Sepia australis Q. S: (J.. Robson, 1924 ?;: E. A. Sinitli, 1917, 
p. 24. 


T'hvee examples 

(cf) fromhitn. 20; 

67 

i’ms, 


Two 

(?) 

54; 

121 

>1 


Three „ 
Young : — 

(cJ,??) „ 

44; 

85 

♦> 



Twelve examples 

(6cr,6$) 

7 : 

112 


Ten ,, 


9; 

100 

ji 


Two „ 

(]$,1 ?cJ) V 

2 : 

117 




Hoyle and Smith both regarded this specie.^ as a synonym of 
the Austmlian australis Quoy k Gaimard, while Ferussac and 
D’Orbigny themselves were of the siime view' (though they 
unjustifiably assumed the priority, cf. Hoyle, 1909, p. 266). 
S» ^^capensis** has been recorded from Australia by Chapman 
(1912, p. 24) and Whitelegge (1889, p. 282). Such an identifi- 
cation, if accurate, would of course be veiy remarkable, for the 
Sepiid 80 are littoml animals inhabiting shallow water, and the 
occurrence of the same species of the genus in Australia and 
off Cape Town w^ould raise many interesting questions*. After 
considering the evidence in the light of the material now avail- 
able, I am emphatically of the opinion that, as far as the struc- 
ture of the animals is concerned, the case is “ not proven and 
is in all probability erroneous. 

• It should be note<h however, that Massy (1916, pas»im) has identified several 

Hay of Bengal «|jecic« of Sspin with Japaneso fonns, while, according to her, 
Vomtvsephn koHensis ranges from the Persian Gulf to the Pacific. 
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There arc very marked differences between the animals 
described by JVOrbigny on the one hand and Qiioy and Gaimard 
on tlie other. Tliey may be summarized as follows : — 

(1 ) The mantle of aitsiralis is acuminate and pointed apically. 

'riie mantle of capensis is rounded apically. 

(2) 'Jdie tins are widely separated apically in capensis. 

„ „ approximated ,, „ australis. 

(8) The tentacular “ hand lias very large and small suckers 
regularly airanged in capensis. 

The tentacular “hand” has no such disparity in size, and 
the arrangement is different in australis. 

(4) The ratio of width to length is 3 : e5 in australis, 

„ „ „ „ ] ; 2 „ capensis, 

(5) The greatest width of the mantle is at the middle in 

capensis. 

The greatest width is at the anterior end in australis. 

(6) The shell is shouldered and square apically in australis, 

and it lias four ventral furrows. 

In capensis the shell is acuminate and pointed, and it has 
two ventral furrous. 

Tlie accounts agree in details of colour, arms, and general 
sliap(' of the fins, tlunigh the data available for comparing the 
suckers of tlie ses.sile arms arc very meagre. The specimens 
obtained by T)r. (iilebvist agree with australis in respect of (1) 
and (2). These, Iiowevor, may be somewhat heavily discounted, 
as (a) the actual body-shape agrees with capensis. and it is only 
the apex which is like tliat of australis; and (/^) I do not consider 
that .such a difference a.s the width between the tins is ns 
important as (3), (5), and (0). However, the likeness is not to lie 
lost sight of. 

The Katal specimeri.s agree with capensis in (4), (5), and (6), 
while in (3), though the resemblance is not exact, it is very close, 
and certainly is highly suggestive of the type of tentacular 
“ hand” figured by D’Orbigny. 

On the other hand, they differ from capensis D*Orb. in (1) the 
possession of a deep purple band on either side of the ventral 
surface ; (2) the po.ssession of a membrane on the tentacular 
manus. 

I am inclined to think that (1) is suggested in the description 
of australis, when we read “le ventre est pointue de laque et de 
brun siir les cotes,” but the figure shows a faint general scatter- 
ing of (sc.') pigment spots and not the heavy purple bands seen 
ill the Nataly examples. 

On the whole there is a very marked agreement between 
O’Orbigny’s figure oi capensis and our Natal specimens and others 
fi om the Capo preserved in the British Mu.seum, with regard to 
the shell ; the only difference is that in the Natal examples the 
last loculus seems to be a little smaller than in the others* 
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If we were to rely merely on Quoy and Gaiinard’s figure aii<l 
de«a*iption for our knowledge of australis, we might very well 
be misled by a single specimen; but from the figure of the 
shell obtained on the Victorian coast (Chapman, I, c. pi. i.b snd 
from an examination of an undoubted example from Kew South 
Wales (British Museum), I cannot have any doubt that the 
Austmliau form is very distinct fi*om the South Afriwin, although 
there are certain features in coiiiinon. The latter, however, I do 
not regartl as of the same importance as the evidence of the shtdl 
and tentacle. 

The tentacle is figured (text-fig. 24), and it will be seen to 
agree fairly closely with tliat figured by Thiele (1920), though 
the proximal half-sized sucker is missing in the latter. Thiele’s 
figure is not very good, and it is impossible to make out the 
structure of tlie distal extremity, but it appears to be less 
elongate and oblong than oui*s. 

1 have discovered no teeth oii any sucker rings, whereas a 


Tcxt-ligure 24. 



H/wmbottcjjion atpinse. Tealiiek*. X 0. 


semicircular group is found on the sessile arms by Thiek\ The 
rings in this form are likewise smaller than in the Natal form. 
The shell figured by Thiele agrees very closely with that of the 
Natal form. 

RuOMliOSEPION ACUMIKATA (Smith). 

aV. acuminata Smith, 1917, p. 21. 

Sepia sp. A (part) Eobson, 1924 1>. 

Two examples ( $ S ) from Stu. 9u (Xatal coast) ; 45 fathoms. 

„ M (dcO ,, 103 ( „ „ ); 160 „ 

This species was tlescribed by E. A. Smith from the shell 
alone, so that the following notes on the soft paints constitute 
our first information on the subject. 

The shells of the Natal examples resemble Smith s type- 
specimens very closely, and I can find no significant points of 
difference. The Natal forms are luther smaller than Smith’s 
largest specimen^ but smaller ones were included in those which 
Smitli described, so that a repi’esentative series is available for 
comparison. 
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Dimensions , — 

Mantle, total dorsal length ; 81+2 nun. 

„ „ „ width; 42 ±1 „ 

Fins, maximum width; 0 mm. 

Width of mantle-aperture; 37 „ 

„ head; 3vl „ 

Length of tentacles; 11. 82 ? + 2 ; L, '( 90 mm. 

,, lat arm pair; 11. and L. 26 + 1 mm. 


2n(l 


R. 28 : .SO „ 

3rd 

?♦ 

R. 27 ; L. 28 „ 

4th 


R. and L. 31 mm. 


'Ihe animal is of a normal shape externally. The mantle is 
rather narrow, and terminates apically in a blunt [>oint. The 
fins are somewhat wider apically, and are separated from eoch 
other by a fairly wide space. They project well beyond the 
apex, but are not contintious as in /S', venusta. The eyes are 
moderately prominent. The arms do not call for particular 
comment. The first t^^<) pairs are rounded externally, the last 
two are keeled, the keel of the ventral pair being very marked 
atnl extending upwards over the cephalic intogunient as far as 
the level of the funnel. 

There are four alternating rows of sucker, s on tin* sessile 
anus, the two median rows of which on the fourth pair are 
larger than the external rows. The horny rings of the suckers 
in all cases examined bear minute denticles on half their 
circumfei’ence. 

The tentacles are roughly triangular in section. The “hand 
has a sucker-bearing area 10*5 mm. in length by 3'5 in width. 
This is covered by numerous small and closely-sot suckers, which 
bear some 7-9 prominent teeth on the distal side of the peri- 
phery. The tip of the man us is recurved, and a rather narrow 
membrane runs upwards, extending to about 4*5 mm. beyond the 
maims proper. Between this and the sucker-bearing area is a 
very strongly-marked fold, extending the whole length of the 
inanus and continued beyond the sucker area for some 2 mm. 

The hectocotyliLS is, as usual, on the left ventral arm. The 
oral and distal thiixls are normal. In the median third the 
ventral edge of the arm is raised somewhat above the dorsal 
edge, and carries a single row of veiy small suckers. The fact, 
that in this region these are slightly biserial distally and 
proximally suggests that this row represents the original two 
ventral rows. On the dorsal side are two alternating rows 
of minute suckers, which represent no doubt the two dorsal 
rows. 

The funnel organ has a V-sbaped median plate. The arms of 
this are thick (4 mm.) and their sides parallel. At the junction 
of the arms is a narrow ridge lying in the sagittal plane. The 
lateral plates are Jong and very nariow (14 X 3*5 mm.). ' 

Thei^ is a well-developed tongue-shaped funnel The 
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locking apparatiM in both adults agreed in the character of the 
funnel plates, uhich have eccentric semilunar depressions which 
do not extend upwards to the margin. 

The colour is a uniform dark brownish purple on the dorsal 
surface of the mantle, hea<l, and arms; while on the posterior 
surface of the mantle the deep purple is replaced by a light 
reddish brown, which is still lighter on the head and arms. The 
6ns ai*e of a faint brownish-red ground-colour, with a scattering 
of minute dark chromatophores. 


RuOMBOSEPION HIEBONIS, Sp. 11 . (Plate II. 6gs. 9, 11.) 
Sepia sp. A, Robson, 1924 6. 

One example (6 ) from Stn. 8, Cape Town ; 126 fathoms. 
Two examples ($$ ) „ 7#, „ „ 112 „ 

One example (?) „ 33, „ ,, ITiO ,, 

Two examples (?) „ 2, „ „ 117 


The status of this form has been a considerable source of 
difficulty. As will be seen, there are substantial differences 
between it and acuminata. Nevertheless the points of agree- 
ment are fairly strong. It might seem desirable, without a more 
extensive series, to stress the resemblances* rather than the 
differences. But 1 cannot imagine any supplementary data 
bridging the gap with regard to the characters of the arms and 
hectocotylus. 


Diinenaimia.— 

Dorsal length of mantle ; 57 nini. 

„ width „ 28 „ 

Fins, max. width ; 6’5 mm. (in a specimen 61 mm. long). 
Head, „ „ 28±1 inm. 

Mantle-aperture ; 28 ±1 
Length, 1st arm pair; 21 mm. 

2nd „ 23 


3rd „ 
4th „ 

tentacles 


■i 


26 
26 ,, j 

JR.; 49 mm. 
IL.; 57 


approximately. 


The general shape is like that of acuminata^ except that the 
mantle-aperture is relatively somewhat wider. 

The fins are slightly narrower. Owing to their crumpled and 
distorted condition it is not possible to be certain as to their 
shape, but in one example at least the increase in width towards 
the apex is not so marked as in acuminata. The arms do not 
differ from those of acuminate very much in theii* genera] shapes 
The arm-formula differs, but not much importance is to be 
attached to this. 


* Not 108 tt origiiullly itated. 
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Some marked differences occur with regard to the suckers* In 
the sessile arms of the female there are only two ix)ws on the 
doisal arms; while in the male there is (as in etc*) on 

the second and third arm pairs a patch of very much enlarged 
suckers, an uncommon feature in the Hepiidae. Thei^ is the 
same disparity in size between the inner and outer rows of suckei-s 
on the normal fourth arms as in acuminata. The rings of the 
suckers of the sessile arms are smooth. The tentacular menus 
differs slightly from that of acuminata. The sucker-bearing area 
is leather shorter and bmider, the suckers are less crowded, and 
the fold above described in acuminata tends to be shorter. The 
suckers are edentulous, but their wide rings are beset with 
numerous small knobs. Moreover, the manus itself is usually 
more recurved tlian in acuminata. The hectocotylus is very 
characteristic, and is far more modified than in acuminata. The 
arm exliibits three main areas: — {a) a distal series of minute 
paired suckers ; {h) a median area of enlarged toothed suckers 
similarly paired ; and (c) a proximal area in which the arm 
is conspicuously flattened laterally and deepened, and bears 
a single ventral low of minute suckers which occupiM the 
actual oral .surface and two dorsal rows of alternating and equally 
minute suckers. The adoral patch of unmodified suckers fouml 
in acummata is absent, but a single large sucker is found in this 
position. ^J1ie character of the hectocotylus recalls that of acxmi- 
ncda ; but the type is far more exaggerated than in that form, 
the great depth of the arm itself in hieronis rendering it at once 
distinguishable. 

The shell in general is very like that of acuminata^ and for a 
long time I was under the impression that they were identical. 
There ivs, however, one constant difllerence. The striated area and 
last loculus are more elevated and slope away j*atlier abruptly at 
the sides, giving rise to two narrow lateral areas, in which there 
is a marked sinuosity of tlie striie. In young examples these 
areas are traversed by a well-marked groove. This condition 
seems to be indicated in Smithes figure of acuminata {l.c. pi. xi. 
fig. 3). But an examination of his specimen shows that this is 
not the case. 

The funnel organ has a more massive centra] plate than mumi- 
natxt. The apex of the V tends to be more drawn out and the 
extremities to be more expanded than in that form, though these 
are by no means constant charactei’S. The funnel ^alve is like- 
wise not so tongue-like as in acuminata^ its sides being bent 
downwards to form a more triangular profile. 

funnel plates of the locking apparatus show constant differ- 
ences from those of acuminata^ their concavity being central, 
wider, and not so long, corresponding to shorter and broader 
studs on the mantle .side. 

It will be thus seen that there can be no doubt as to the 
specific distinction of hisronis. It has close affinity with acunti- 
7wia in the character of its external parts and shell; but the 
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nature of its hectocotylus, the suckers of sessile arms and ten- 
tacles, the locking apparatus, and, in a lesser degree, of the 
tentacle and funnel organ render it very distinct. 

I am unable to find any species that approximates to these two 
forms. S. lefebrei D’Orb. (Hoyle, 1007, p. 39) is not unlike 
hieronis in general shape, but it difiers substantially in many 
details. As Smith says (1. c\ p. 21), PfeJler’s venmta (preocc.) 
comes near to acuminata* As the former is a Zanzibar species, 
the suggestion is not implausible ; but vemista is in all proba- 
bility a young form, and the figure given ])y Pfefier (1884, 
fig. 15) shows that the fins at legist are very different in shape 
etc. from either acuminata or hieronis, I am of opinion that 
hieronis is a derivative of acuminata. It vshould be noted that 
Smith records the latter from Port Elizabetli. 


DoilATOSEl’IOX CONFUSUM (Smith). 

Sepia, cou/usa E. A. Smith, 1917, 1, c, p, 24. 

One specimen ( c? ) from Sin. 107, Natal Coast ; 180 fathoms. 

Two specimens ( cf ) .. 95, ., ,, 192 

Two „ ($) 102, 158 

One specimen ( 9 ) 167, ,, ’>6 ,, 

As this form i.s tiie subject of a memoir (tiow in tbe press) by 
Miss A. L, Massy, 1 refrain from any detailed discussion of iis 
structure. The remarkable sexual dimorphism manifest in the 
possession of “tails” by the males of this species 1ms already 
been described (IVlassy and Hobson, 1923). A more detailed 
examination of the histology of the lateral organ ” on the 
extremity of the " tail” is in progref-s. 

A curious feature that was not noticed in the original publi- 
cation is that the dimorphism is extended to the sessile arms. 
As was originally stated, the fourth arm of the male is not hecto- 
cotylized, and the sessile arms show in most cases four rows of 
suckers that extend down to their tips. This is clearly seen in 
all cases (save in one or two arms that are damaged). In the 
female, however, the arms are normal up to the distal quarter, 
where they lieoomo attenuated; the suckers usually become 
biserial, and the “ Schutzsaume ” become very much folded in- 
wards. In the male the arms become likewise attenuated. 
Occasionally the suckers seem to be reduced to two rows, but, 
unlike the condition in the female, the occurrence of two rows 
is very uncommon. This cii'cumstance originally prompted me 
to suppose that two different species were involved. A long 
and careful examination of the shell, the other featiire.s of the 
sessile arms (including the suckers), the tentacles, the fins and 
other external features, the locking apparatus and funnel organ 
gave, however, no trace of sj^ific distinction. The suckers, 
shell, tentacles, locking apparatus, radula, and mandibles in 
pai'ticular are identical in both cases. A certain amount of 
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divergence with regard to the funnel organ is found, but it 
shows no correlation with the dimorphism of the tins and sessile 
arms. 

This species shows marked affinities, as far as concerns the only 
common structure known (the shell), with 1), hiirnupiK\\<{ imigais^ 
both from Natal. It is uncertain, however, what the latter 
species are, ns they are known only fi-om a limited number of 
Khells. The genus is recorded from the Red Sea, Indian and 
Pacific (Iceans, 


Sepjella cyanea Robson. (Plate JI. fig. (i.) 

S, cjfanea, Robson, 1924 p. 13. 

One specimen ( c? ) from Stn. 476, Natal CWst: 28 fathoms. 

One „ (2) „ :(8!), „ „ «0 „ 

In the introduction to the original description of this form it 
was stated that it was impossible to find any form that approxi- 
mated to it. The details on which it was there stated to differ 
from the known siiecies were not very fully given, and may be 
amplified here. 

The visceral sfic is elongate and thimble-shaped, the dimensions 
being approximately 33 x 79 mm. The proportions of the mantle 
are alike in male and female, and are iinlike those of imrmia 
Stp., recalling those of maindroni Rocbebr. The original 
description of cone-shaped does not do justice to the fact that 
the sides are scarcely divergent and the apex very broad and 
blunt. 

The fins are narrow in front and widen rapidly posterioHy, 
measuring some 10-11 mm. at their widest. They are closely 
approximated, and in fact tend to overlap at their dorsal 
extremity, though they are separated by a deep notch as in 
inermia (Massy, 1916, p. 231). They are unlike those of S, main- 
dronL At the apex of the mantle is found the ventral pore 
characteristic of the genus. 

The arm -formula is 4 * 3 . 2 . 1, though the first three pairs may 
be subequal. All the arms are keeled, the keel of the fourth 
being the strongest. In main<h*oni the carination is very obscure. 
As in Massy’s described specimens of S, inermia. the suckers 
of the sessile arms in the female are smootli, though they 
occasionally show a certain amount of notches. The suckers 
of the male, though they agree with inermia in general plan, 
differ in detail. The proximal suckers are almost smooth ; the 
median ones have some twenty teeth and the distal ones fifteen 
These are far more numerous than in inermia. 

The form of the tentacular man us agrees very well with that 
of inermia^ even to the possession of the two enlarged suckers at 
the extremity. They differ, however, in the number of teeth on 
the suckers, whicli are less in cffama^ a male of 84 mm. having 
only eight teeth on an average. I'he hectocotylus (text-fig. 25) 
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differs from that figured by Hoyle (1905, p, 982) for inermis. 
The extremity of the arm is very long and attenuated instead of 
shoii and broad. In the modified area the same general pattern 
is visible as in inermia^ but there are differences in (1 ) the number 
of rows of suckers, (2) the position of the suckers, and (3) the 
arrangement of the transverse ridges. 

The cephalic plates of the locking apparatus (text-fig. 26) are not 
unlike those of inermia (Steenstrup, 1880, fig. 5, p. 352), but the 
external border is parallel to the sides of the depression and not 
produced into a lobe as in inermia^ 

The shell of cyanea tends to differ somewhat from that of 
hiermia. Both the examples obtained are very narrow, their 
length-breadth index being 32 and 29, whereas the lowest found 
in inermia is 37. The striated area is narrower and more pointed 


I'eNt- figure 25. 



Si^piella cj^anea, Hectocot.vln<«. Natural size. 


ill the male than in the female. The knob on the dorsal surface 
described in the original report is probably not of taxonomic 
value. It is absent in the female, and has the appearance of a 
repair-outgrowth. 

The radula of inermia has been figured by Massy (/. c, pi. xxiv. 
fig. 11, not xxiii. fig. 6). A comparison between this and text- 
fig. 27 shows certain well-marked and constant differences in the 
teeth. 

The ground-colour is a deep purplish blue on the anterior 
surface, which changes to a dull mauve on the posterior. On the 
former the edges of the fins are light, and a series of elongate 
wedge-shaped patches of red colour are disposed transversely with 
the bases of the wedges on the fins. These ocelli are found only 
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in the male, as in inei^mis ; but in tiie latter they are round or 
pear-shaped (Massy, 1. c. p. 235). 

The ntfinitv of this species obviously lies with inermie and 
maindronL The former lias a wide range of distribution from 
the Persian G ulf to Japan (J oubin ?). The latter is recorded from 
Pondicheriy and Japan (Rochebrnne, 1884, p. 89; Hoyle, 1886, 
p. 148). b^or the time being it is vei*y di/hcult to decide as to the 
relationship of these forms. The bulk of the general resemblance 


Text- figure 26. 



Sepialla cpanea. Adhesive organ. X 3. 

certainly lies with inermift, from which it is obviously distinct 
specificjilly (1) in general shape, (2) colour-pattern of male, 
(3) radula, (4) hectocotylus, and (5) certain details of the dentition 
of the suckers. It is very unfortunate that there is only one 
complete .specimen of maindronl available for study. The 
tentacular man us of thi.s is in very bad condition and useless, and 
the general condition is poor. The shape of the mantle, the 
funnel organ, the suckers of the .sessile arms, and the shell, all tend' 

'i’evt -figure 27. 



ISrpiella cifauen. Kadnia. X 3r». 


to resemble cyanea^ but the tentacular suckers, fins, size, carinatioii 
of arms, and arm-formula all differ, I am inclined, therefore, to 
think that cyanea, while distinct from both inermia and maindroni, 
has affinities with both, though those wdth inermia are closer. It 
is worth while noting that maindroni (1 specimen, 1-50 fathoms) 
and cyanea (2 specimens, 28 & 40 fathoms) are, as far as the 
very scanty evidence goes, only known from shallow water, while 
inermia (Massy, /. c. pp. 232-233) is found down to 400 fathoms. 
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Family L o l i o i x i d a*:. 

Loliqo. 

Tlie two large forms recorded below are given temporary 
<lesignations, as they are both represented only by a single 
adult specimen, and their relationships with other forms are 
such that a large series is necessfiry to arrive at a satisfactory 
conclusion, 


Lolkio a. ^ 

Loligo A (part) Robson, 1924 6. 

One example (d ) from Station 88, Cape Town ; 53 fathoms. 


Dimensions.— 


Length of mantle (dorsal) ; 

133 

Width of mantle ; 

29 

Length of fins ; 

76 

„ „ (total) ; 

74 

Width of mantle-aperture; 

27 

Length of 1st arm ; 

44 

„ 2nd „ 

55 

„ 3rd „ 

61 

„ 4th „ 

48 

„ tentacles ; 

? 112 


2(R.). 


'Che mantle is long and fairly slender, the sides being more or 
less parallel for about half the length. The fins are rather more 
than half the body in length, and their anterior margin is slightly 
less than the posterior in length. The nuchal prominence is 
short. 

The sessile arms have the median suckers of the second and 
third pair (only) very much larger than the adoral and distal 
suckers. U'he suckers have 9-10 denticles placed as in indica 
I’fr* and equalling those found in that species in number {cj\ 
Goodrich, 1896, p. 7). The denticles are not unlike those of 
Z. indica in shape, but they are more irregular, and some on each 
sucker are much wider than the rest. 

In the tentiicles the external rows of suckers are slightly less in 
diameter than the median rows, but the latter are not very much 
enlarged {e.g. as they are in reywmldii Jl'Orb.). The denticula- 
tion of these suckers seems to be intermediate between those of 
indica (Goodrich, Z c.) and those figured for another form (probably 
attributed in enw to indica) by Hoyle. The teeth number 20 on 
an average, and are not nearly so widely spaced as in indica. A 
certain disparity between the median and lateral suckers was 



(5.12 MU. G. C, IlOBSOX ox THE CEPHALOPODA 

observed, the latter imviug longer teeth and being rather less in 
number. The hectocotylized arm shows 14 pairs of normal 
suckers, then a modified pair, that on the ventral side having a 
long stalk and that on the dorsal being very small. These follow 
the usual papillae, which have broad bases on the ventral side 
and are slender on the dorsal. The dorsal “Schutzsaum” is very 
much thickened and enlarged in the area parallel to the first 
seven pairs of suckers. 

There are some 3 to 5 suckers on each of the labial pillars. 
These exhibit some seven squarish denticles. 

This form seems to have most in common with indica, from 
which it is, however, probably specifically distinct. 

It possibly has some community with the gi*oup formed by pleiy 
spectrum^ and bleekeri* 

It differs from reifnavldiiy the" commonly recor<led Cape 


Text-figure 28, 




Loliffo A. Kadulii. X 35. 

j I 

species, in (1) the tentacular and sessile arm suckers, (2) the 
proportion of the fins, (3) the absence of very much enlarge<l 
suckers on the tentacle, (4) the small size of the nuchal 
prominence, (5) the absence of the median dorsal colour-band, 
and (6) in certain features of the radula. The colour (in 
formalin) is more or less flesh-tinted, with fairly densely and 
evenly distributed and reddish- black chromatophores. These 
become larger between the eyes in the dorsal region, and are 
somewhat denser on the dorsal surface of the mantle. 

The radula (text-fig. 28) seems to agree on the whole with that 
of Ttynauldii^ but (1) the marginals are far more curved ; (2) the 
second lateral has an inner heel, which is absent in reynauldii ; 
(3) there is less disparity in size between the main and lateiul 
cones of the rhachidian and adlateral teeth. From what can be 
made out of the figure of indica (? Messy, h c- pi. xxiii. fig. 6), 
that species has certain features in common with reynauldii and 
the present form. 
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Lolxgo B. 

Loligo A (part) Kobson, 19245. 

One example ( cJ ) fi’om Stn, 188, Natal Coast ; 33 fathoms. 

„ „ „ „ unknown Station. 

This form upon more detailed observation proves different 
in BO many respects from the preceding form that it must be 
provisionally regarded as specifically different. It should be noted 
that both the forms are represented by males. 

Dimensirna . — 


Dorsal mantle-length ; 

208 

mm. 

„ „ width ; 

43 

» 

Width of fins (total) ; 

no 


Length of fins ; 
Mantle-aperture ;• 

130 


41 


Length of 1st arm ; 

51 


„ 2nd „ 

66 

9f 

„ 3rd „ 

75 

ff 

,, 4th ,, 

65 


Tentacles (R.) (approx.) ; 

143 

»» 


The mantle is more slender than that of the pieceding form, 
the apical region being markedly nanow. The fins, if anything, 
are somewhat longer in proportion to the tnantle. As in form A, 
the posterior margin exceeds the anterior in length. 


Text-figure 29, 



Spcker teeth of (1) Loligo A; (2) Loligo B, (Sessile erms.) 

The suckers (text-fig, 29,2) of the sessile arms do not show the 
same dispi^ty in size of the various arm pairs as noted above. 
These suckers show some nine completely*dev6]oped denticles 
which more or less agree with spectrum {cf. Massy, 1916, p. 221). 
Proc. Zool. Boo.— 1924, No. XLIII. 43 
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observed, the latter having longer teeth and being rather less in 
number. The hectocotylized arm shows 14 pairs of normal 
suckers, then a modified pair, that on the ventral side having a 
long stalk and that on the dorsal being very small. These follow 
the usual papillae, which have broad bases on the ventral side 
and are slender on the dorsal. The dorsal “Schutzsaum^' is very 
much thickened and enlarged in the area parallel to the first 
seven pairs of suckers. 

There are some 3 to 5 suckeins on each of the labial pillars. 
These exhibit some seven squarish denticles. 

This form seems to have most in common with indica, from 
which it is, however, probably specifically distinct. 

It possibly has some community with the group formed by p/ei, 
spectrum^ and bleekeru 

It differs from reynauldiiy the* commonly recorded Cape 


Text-figure 28. 



species, in (1) the tentacular and sessile arm suckers, (2) the 
proportion of tlie fins, (3) the absence of very much enlarged 
suckers on the tentacle, (4) the small size of the nuchal 
prominence, (5) the absence of the median dorsal colour-band, 
and (6) in certain featui'es of the radula. The colour (in 
formalin) is more or less flesh-tinted, with fairly densely and 
evenly distributed and reddish-black chromatophores. These 
become larger between the eyes in the dorsal region, and are 
somewhat denser on the dorsal surface of the mantle. 

The radtda (text-fig. 28) seem^i to agree on the whole with that 
of reynauldiiy but (1) the marginals are far more curved ; (2) the 
second lateral has an inner heel, which is absent in reynauldii ; 
(3) there is less disparity in size between the main and lateral 
cones of the rhachidian and adlateral teeth. From what can be 
made out of the figure of indka (? Massy, L c. pi. xxiii. fig, 6), 
that species has certain features in common with reynauldii and 
the present form. 
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Loligo B. 

Loligo A (part) Robson, 19246. 

One example ( d* ) from Stn. 188, Natal Coast ; 33 fathoms. 

„ „ „ „ unknown Station. 

This form upon more detailed observation proves different 
in so many respects from the preceding form that it must be 
provisionally regarded as specifically different. It should be noted 
that both the forms are represented by males. 

Dimensims . — 


Dorsal mantle-length ; 

208 

mm. 

„ „ width ; 

43 

»> 

Width of fins (total) ; 

110 


Length of fins ; 

130 

9} 

Mantle-aperture v 

41 

» 

Length of 1st arm ; 

61 


2nd „ 

66 


„ 3rd „ 

75 

>9 

» 4th „ 

65 

19 

Tentacles (R.) (approx.) ; 

143 

99 


The mantle is more slender than that of the preceding form, 
the apical region being markedly narrow. The fins, if anything, 
are somewhat longer in proportion to the mantle. As in form A, 
the posterior margin exceeds the anterior in length. 


Text-figure 29. 



Slicker teetli af (1) Loligo A; (2) Loligo H. (Sessile arms.) 

The suckers (text-fig. 29,2) of the sessile arms do not show the 
same disps^rity in siee of the various arm pairs as noted above. 
These suckers show some nine completely-developed denticles 
which mor^ or less agree wilh spedrum (cf. Massy, 1916, p. 221). 
Proc. Zool. Soc. — 1924, No. XLIII. 43 
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But there are uhually about three additional iii>developed denticles, 
not noticed in specir%im^ and, in addition, at the adoral side of 
the circuniference of the sucker some nine minute rudimentary 
denticles can always he seen. 

The normal teeth are short, acute, and triangular in shape. 
There is no difterentiation between the median and other suckers 
in respect to their dentition as in spectrum. The tentacular 
suckers are remarkably uniform in size. Tlie latter decreases 
very abruptly at the distal quarter, but otherwise they vary but 
slightly from row to row. They are each provided with some 
23-24 teeth, which are shorter and more stumpy than those of 
Loligo A and far less numerous than in spectrum. 

The oral pillars bear some 5-7 suckers. These bear more 
denticles than in the preceding species, viz. 10-11. Thehecto- 
cotyl us bears some 19 pairs of unmodified suckers (exclusive of 
the initial one) ; these are succeeded by a pair modified as in 
Loligo A. The papilla} which follow next are difierent from 
those of Loligo A in that the broad bases found in A on the 
ventral papillse are not found in this case, the two rows of 
papillsD, though difiering in size, being far more alike in shape. 
The dorsal “ Schutzsaum is not modified as in A. 

The colouring resembles that of the preceding, except that 
the chromatophores are not so much concentrated on the dorsal 
surface of the mantle, while they seem more dense towards the 
edge of the fins. 

The suckers of the tentacles and sessile arms, the relation of 
the length of the fins to the mantle-length, the colour and the 
character of the tentacular manus diflferentiate this form from 
repnauldii, though there are noticeable resemblances in the 
radula. But it is difficult to suggest with which form its affinity 
lies. Its build seems to foreshadow the widely-spread Jndo- Pacific 
spectrum, but there are some noticeable differences in regard to 
the denticulation. 

Taking these two forms togetlier, one would say that on tlie 
whole their afiiinity lies with the Indian Ocean forms, but that 
both show a certain amount of relationship with the W. Coast 
reynauldii. This suggests that the Loligos are not so much 
affected \>y liydrogrnphical separation as other forms. 

To judge by the previous repoiis, the Loligo fauna of 8outli 
Africa is singularly poojr, only L, reyuavldii being recorded. 

liOLlQO INDICA Pfr. 

One example ( $ ) from Station 167, Natal Coast ; 36 fathoms. 

Undoubtedly referable to this Indo-Malayan species. A small 
female sexually mature and measuring 67 mm. in dorsal mantle- 
length* The suckers (which ai*e affected by sexual dimorphism^ 
of the sessile arms correspond to Goodrich's description (1896, 
p. 7), there being six teeth on the largest sucker (t\ Massy, Le. 

p. 220). 
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Sub-order 2. Octopoda* 

Tribe 1. Incirrata. 

Family PoLYPODiUyE. 

Sub-family Eledonin^e. 

VblodonA Chun. 

This genus was founded by Chun for the reception of a species 
of polypod obtained by the ^ Valdivia/ which resembles MonchAies 
m the possession of a single row of suckers on tlie arm, 
but diftei-s from it in the possession of (a) ti funnel organ 
composed of two sepaiate pieces, (6) a sigmoid bend in the 
hectocotylized arm, and (c) the development of extensive lateral 
membranes on the arms. 

The present example is, as previously, stated (llohson, 1924 a, 
p. 206), of uncertain age. The fact, therefore, that the hccto- 
cotylus does not show the sigmoid bend described by Chun cannot 
be used as evidrnco, though we have shown that there is some 
suggestion that it has attained its definitive form. 1 am a little 
sceptical wliether the bend itself is of any value taxoriomically, 
as it may be the result of the contraction of the brachial 
membmne. 

Some additional information is given here which enables us to 
make the position of this genus a little more clear. The funnel 
organ resembles Moschites charcoU and brevis (Massy, 1916, 
pp. 1 54 159) in its general structui'e, and is fairly close to the 

thick, clumsy tyjie of the former. It is also like Scoeurgus tetra- 
cirrhus in general but not S, imicirt'hus. It is unlike the 
northern Moschites and Polypus, The funnel itself offers no par- 
ticular divergence from the latter genera. The hectocotylus is 
open to doubt. If the condition iu Chun’s specimen is constant, 
it is certainly unique. The velum, again, is unique, but not alto* 
gether unfamiliar among polypod genera. The suckers suggest 
Moschites. The ludula is peculiar, witli the inclination towards 
Polypus, but the line between the latter and Moschites is not 
clear. The mandible is somewhat Polypus A'lkii, The genitalia, 
if anything, tend to resemble Moschites, Thus, out of eight 
characters, three are like Moschites, two like Polypus, one inclines 
towards Polypus, and one is probably unique. The btilance is 
therefore slightly in favour of relationship with Moschites, and, 
owing to the similar funnel organ, with the southern forms of 
that genus. 

Vklouona xooata Chun, var, oapknsis Robson. 

Vehdona toga^a Chun, 1915, p. 480. 

„ „ var. A, Robson, 1924 a, p. 206. 

Four specimens ; 2 ( c? ) from Stn. 99, Natal Coast ; 220 fms. 

1 ( d ) » » V 260 „ 

1 ( $ } 162, ,1 ,, 240 „ 

The external features have been already described. 

43* 
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The funml organ is net figured in Chun's description. He 
says, “ jeder Abschnitt bestent aus zwei breiten Lappen (1. e, 
p. 484). (For the form, cf, text-fig. 30 and discussion above.) 

The funnel articulation'^ is strongly developed on the funnel 
side, the outer edge of the basal fold rising up in two peaks as 
in Polypus and Eledone» It is very difficult to understand how 
these peaks actually act as a locking apparatus analogous to that 


Text-figure 30. 



VeJodona togata, F'tiniip! orpfnii. X 2*3. 


found in the G^gopsida, e. g. They are themselves weak though 
relatively deep, and seem to have absolutely nothing with which 
to engage on the mantle side. 

The mandibles (text-fig. 31) are of the ordinary Polypod shape. 
They do not agree very closely with either Moschites charcoii 
(Massy, h c.), cirrosa (Isgrove, 1909, fig. 27), or Polypus^ 
though they come nearer some forms of the latter in the shallow 
gular lamina of the lower mandible. 

The radula is characterized by the absence of lateral cusps on 
the rhachidian tooth (cf. Bathy polypus, infra), though occasion- 
ally vestiges are seen. This feature is also found in Moschites 
( JA. sp., Massy, I, c. p. IGO). 


Text- figure 31. 



VelodQna togata, Miiwlibles. X 1*6. 

The first laterals are very wide, and the second laterals in one 
specimen exhibit a ** heel ” found in both the allied genera* 

The reproductive organs ( cf ). — Marcband (1907, p. 367 et seq.) 
figures only those of Sccmrgm and Polypus, extended so as to 
show details. Those of Mosdiites oddrova/ndi etc. are figured, but 
in the case of the adult they are not fully displayed. Massy 
figures in detail M, turgueti and o/mrcoti 
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The main features agree with Moaehites and Pohfptis pretty 
closely. Needham’s organ is smaller, but this may be.an effect 
of age. There is a prominent glandular swelling on the vas 
deferens, which is situated very much as in M, charcoti (Massyy 
I, c. fig. 12). The accessory gland is scarcely dilated at its 

Text figure 32. 



Velodom togaia, Male genitalia. 

aeo.gU, accoBRorj gland j p., penie; e.d., vae deferens; vesicnla seminalis. 

extremity, a feature in which it tends to resemble Moschitea. 
The penis is cylindrical and has a small posterior appendix. 
The aquiferous duct is well-developed ; it originates from the 
anterior surface of the gonad near the point of origin of the 
vas deferens. 

Sub-family OcroPODiNiE. 

Grimpe (1921, p. 300) has proposed the separation of this sub- 
family into a number of genera, some of which he has not yet 
defined, though he has designated types of the genera. Among 
these are Baihypalyfua and Benthot^opm. Acceding to Grimpe, 
the first of these includes arcticua Prosch (the type-species), 
{%)fae^H)enai8 Buss., lavUua Verrill, and oheam Verrill. The second 
includes piacaitorum Verrill (the type) and ergasticus P, H. 
Fischer prof undicola Massy (if. Ma8S}% 1909) and ? ^apof^alis 
Fischer). 1 assume that what Dr, Grimpe has in view is the 
contrast between the form exemplified in arcticua in which the 
hectocotylus is large and massive, and in piscatonm in which it 
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is slender and more normal. Examination of the radula of an 
undoubted piacatorum (‘ Challenger,* Brit. Mus.) and of the figure 
of areticits (sstbairdii) given by Terrill (1882, p. 395) shows like- 
wise a marked contrast in that the rhachidian tooth of the former 
is multicuspid, that of the latter unicuspid, while characteristic 
differences are likewise found in the lateral teeth, Faeroenaia 
Russel, Avith regard to these characters of hectocotylus and radula, 
clearly goes with areiicus (cf. Russel, 1922, figs. 4 & 5). The 
radulffi of lentuaaun^ obeaua are unknown. Ergaaticm is clearly a 
ilifiiculty. Its hectocotylus (Fischer Joubin, 1906, pi. xxii. 
figs. 1 2) is not of the broad mjissive type seen in arcticua, but. 

though it is small, its parts are more differentiated than those of 
piacatorum (c f. Massy, 1909, pi. ii.). On the other hand, the radula 
has a unicnspidate rhachidian tooth (Massy, L c. p. 8). The 
two forms described below are distinguishable by the characters 
of the radula. In the case of B. grimpei the radula ^nd hecto- 
cotylus obviously connect it with the same group iis arcticm. 
B, her7*i/i is only represented by a female, but its radula is 
clearly of the piacatorum type. Its skin is quite smooth, in which 
it agrees with the latter and differs from ginmpeiy arcticua^ 
faeroenaisy etc. 

We may add the latter chamcter to our list of generic 
differentia. As to other characters on which to base these genera, 
I am quite at a loss, as none offer any well-defined and main- 
tained differences. The gelatinous or muscular condition of the 
surface-tissues of the mantle break down in the case of grimpei 
and herryi, in which they are both gelatinous. 


Bbnthoctopus Grimpe. 

Abyssal polypods with small hectocotylus, multicuspid rha- 
chidian teeth, and smooth skin. There is no ink-sac. Type : 
B. piacatorum (Terrill). 


Benthoctopus BERiiYi, sp, n. (Plate II. fig. 7.) 


One specimen (?) from Stn, 524, 8.W. Cape Town : 1200 fms. 
Biimnaiona . — 


Total length ; 

Mantle-widtli ; 

„ length from apex to edge of 
umbrella, between dorsal 
arms; 

liength, level of eyes to umbrella 
edge (dorsal arms) ; 

Interocular width ; 

Nuchal width ; 


260 mm. 

47 

»> 

108 

?♦ 

62 


47 

»» 

38 

W 
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Minimum depth of umbrella, arms 1-1 ; 

n. 

L. 

45 


99 

99 

1-2; 

45 

45 

»> » 

99 

99 

2-3; 

50 

48 

u >» 

99 

99 

3-4; 

45 

45 

>> »» 

'9 

•9 

4-4; 


36 

Length of arms, 1st pair ; 



— 

J85+5 

♦♦ »» 

2nd „ 



— 

188 


3rd „ 



170 

173 

19 

4th „ 



160 

158 


Head ami mantle. 

Tlie appearance of this region of the body is very striking, the 
only form which resembles it being Polypus leioderma (Berry, 
1910, p. 288). 

The mantle is rounded and globular apically. It is very short, 
the transverse width exceeding that of a line drawn from the 
apex to the posterior corner of the eye. There is a very clearly- 
marked nuchal constriction, beyond which the ocular region 
expands to the same width as the visceral sac. The eyes are 
veiy large and globular, and below them again is a second, less 
accentuated constriction. The ocular area constitutes approxi- 
mately three -quart era of total mantle and head region. 

The anterior and posterior regions of the body are completely 
smooth. 

The colour is generally a light purplish brown, which is deeper 
ventrnlly than dorsally, a rather unusual feature. In the region 
of the “ neck ” it becomes paler, and ceases abruptly in the dorsal 
and dorso-lateral region just above the eyes. The ocular swellings 
and the dorsal surface of the umbrella are quite pale, being very 
faintly tinted by a light scattering of pigment spots. 

The first pair of arms bears sixty-six pairs of suckers preceded 
by three unpaired ones. The sucker pairs are arranged diagonally, 
and the paired condition is continued to the tip of the arm. 

The funnel. 

The funnel organ is W-shaped (text-fig, 33). Its four limbs 
are equal in length and thickness, measuring 4*5 mm. across. 
The orifice of the funnel has on its anterior side an infolding, 
suggestive of a valve (text- fig. 33), 

The mantle cavity* 

The renal papilloe are long, measuring 5 mm. The oviducal 
orifices open at the same level as^ and immediately adjacent to, 
the former. 

The gills have eight filaments, exclusive of the azygous terminal 
one. The branchial hearts are very large, measuring 9x12 mm., 
or practically as large as the gills themselves. The hypobranchial 
gland is similarly well- developed, and measures 5 mm, in depth. 
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Text-figure 33. 



The Alimentary System (text-fig. 35). 

The radula (text-fig. 34) is remarkable for the decided asym- 
metry of the median tooth, This asymmetry has been previously 
figured (c/. Massy, 1916, figs. 7, 15). I believe it is of frequent 
occurrence in polypods, but 1 have never seen a discussion on its 
occurrence and significance. In itself it is so remarkable as to 
merit a full examination. It consists in the regular change 
of position of the lateral cusps, so that a cusp that is on the 


Text-figure 34. 



inside in an older tooth eventually finds itself external in a 
younger tooth. This change of position is asymmetrical, in that 
it does not take place in the same rhythm on each side of the 
teeth. We may indicate it by a cusp-formula for a series of 
teeth. In this As the unchanged median cusp, and III. and II. 
the number of lateral cusps. In a typical series the formulte of 
successive teeth are : — 

L. B. 

III. A . II. 

II. A . III. 

II. A . III. 

III. A . III. 

TIL A . II. 

III. A . II. 

II. A . Ill 
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The admedian tooth has a shallow base and a strongly-deve* 
loped cusp. The second lateral on the inner side slopes steeply to 
the base without a shoulder. The marginals are very degenerate 
and are barely perceptible. It is conceivable that they are 
soluble in potash, and were therefore lost during the preparation 
of the radula, but this is not very likely. No marginals are 
figured by Uassy for P. ergaeticus (1909, pi. i. fig. 2). The pos- 
terior salivary glands are roughly triangular, and have their 


Text^gure 35. 



Bentkoetoput herr^i. Alimentary canal. 
er*, crop ; e., caecnm ; kdr,, hepatic doot ; intestine ; liver ; 
visceral ganglion. 


flattened bases posterior in position. Ihe duets fuse just in front 
of the crop. The latter is fairly welhdeveloped. The oesophagus 
is stout and thick. The stomach is divided into two portions 
(text-fig. 35, A si*). These are distinguished by the different 
arrangement of the fibres of the external muscular sheath. The 
spiral c« 9 cum is large and very little twisted. Towai^s its base it 
receives the two fused hepatic ducts. The first part of the intestine 
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is thin- walled. Just after the caBcum is given off, it beootnes 
abruptly narrower and more muscular for a sboi*t distance, after 
which it again becomes thin- walled and wide. There is no ink- 
sac. The liver is rather heart-shaped. 

Tfu genitalia (text- fig. 36). 

The ovary was small and obviously immature. The proximal 
part ot the oviduct is a third the size of the distal part. The 
oviducal glands are well -developed. Aquiferous ducts were 
present, but that on the left side was very slender and fila- 
mentous. 

Text-figure 36. 



BMthoctopuf herryi. Reproductive lystem ( ? ). X 2*26. 


Affinities, 

In general outward appearance B, herryi is not unlike F, levis 
Hoyle (Southern Ocean, Heard Id., Kerguelen). It diflfers in the 
following features ; — 

A. In levis the ratio of the mantle and head to the total length 
is 100/190; in herryi it is 108/260. 

B. In levis the suckers appear to be biserial from the beginning 
of the arm ; in herryi the first three suckers are uniserial. 

0. In kvis the siphon extends to barely one-third of the way 
towards the edge of the umbrella ; in he^i it extends half-way 
towards the latter. 

D. The visceral sac is elongate in hvU; in herryi it is round 
and the ocular area is much larger. 
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The anatomy of levis being unknown (the whole of the adult 
‘Challenger’ specimen was not preserved), it would be rasli to 
assume that it is referable to Benthoctopua, At the same time it 
must be noted that wo do not at present know the limits of this 
genus. For example, we do not know if it is restricted to the 
North Atlantic species included by Grimpe, 

In outward appearance this species has also something in 
common with piacatomm Verrill. The following differences, 
however, are to be observed : — 

(1) The colour in Verrill’s species is lighter posteiiorly, has n 
characteristic white band on posterior surface (? absent in Massy*s 
specimen), and is not evanescent on the head. 

(2) The ocular masses are only half the size of the visceral sac 
in piacatorum ; in herryi they are more than half. 

(3) The infra-ocular stricture is far more marked in herryi. 

(4) The arrangement of transverse ridges on the arms seen by 
Massy in her sj)ecimen (1900, p. 14) is absent in herryi, 

(5) The web is more equally developed in herryi than in 
piacatorum, 

(6) In Yerriirs figure and also in that of Massy of piacatorum 
the eyes are practically midway between the apex of the visceral 
sac and the edge of the umbrella ; in hen'yi they are veiy much 
nearer the apex. 

(7) Verrill figures rather prominent eyes for his species. 
‘Challenger’ specimens, which otherwise agree very well with 
piacatorum, have more or less normal eyes, and Massy’s specimen 
is similar. In hei'ryi the most striking thing are the prominent 
ocular masses. 


IUthypolypus Grimpe. 

Deep-water polypods with broad and long hectocotylus and 
unicuspidate rhachidian teeth. The skin is usually covei'e<l with 
warts, and may be gelatinous. There is no ink* sac. Type : 
Ji, arcticua (Prosch). 

Bathypolypus ouimpei Robson. (Plate II. fig. 10.) 

B, herryi Robson, 1 924 a, p. 207. 

One specimen ( cf ) from Station 405 (Natal Coast) ; 470 fathoms. 

Seven specimens (3 , 4 ? ) from Station 164 (Natal Coast) ; 

380 fathoms. 

This form has been already sufficiently described so far as its 
external features are concerned. In the present instance it is 
enough to add a description of the suckers and some of the 
internal features. 

The suckers ai*e arranged in alternating pairs, the alternation 
being always apparent at the second sucker. There ^re 114 
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suckers in all (maxitnum)on the longest arms. They are usually 
very deeply retracted. There is generally the width of a sucker 
between each successive member of the series, though in some 
cases they are more widely spaced distaJly. The last 4 to 5 pairs 
are usually crowded. Transverse ridges of the arms are found, 
and the edges of these may be apparent as folds ; but this is not a 
constant feature, and may be due to shrinkage. 

The hectocotxjlus (text-fig. 37) has already been described. It 
makes its appearance in young males of 50 mm. long (or one-third 
the size of the sexually mature form described here) as a clearly 
differentiated area with the transverse bars indicated, but no 
calamus and no infolding. In the form of 60-65 mm. the calamus 


Text-fiirnre 117. 



Batfii/poJifpus grim pet. Uectocot 3 'luR. X 2*25. 


is seen, and the whole organ is expanded beyond the width of the 
arm so os to look like that of faeroeiisis in outline. But in this 
case the bars are less apparent than in the younger specimen. 
It is noteworthy that one of the characters which differentiates 
this species from the others, viz. the deepness of the cup, is not 
seen at this stage. 


Dige$tive System, 

The mandibles are erect (text-6g, 38). The inferior pair are 
markedly different from those of B, arctious in the vertical 
direction of the rostral lamellm and the small size of the beak. 
The superior mandibles also differ from arcticus in the vertical line 
of the anterior edges of the palatal lamellee (cf. P, hairdii Verrilt, 
1880, pi. xii.). 
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Text-flgure 38. 



UathtfjMilypfit ffHmpi'u Mandiblr. X 3*26. 


I'lie radula (text-fig. 39). The rhachidian teeth are uiiicusped 
and have shallow bases. The latter are very much broader than 
those of arcticiis { = hairdii Verrill, L c.)» They differ likewise 
from those of faeroensia (Russel, 1922, fig. 5). 

The second laterals are likewise different and highly character- 
istic. There are no fully-developed marginals. 


Text-figure .39. 



Bnthypolypu9 grimpei, Rtidaia. X 60. 

The ci‘op is rather small. The upper part of the oesopha^s 
enters it in the main axis and in the same line as that in which 
the lower part leaves it, whereas in most polypods the upper 
part enters the crop eccentrically (c/. Meyer, 1913, fig. 30). The 
stomach consists, as in JB. harryi, of two parts distinguished by 
their outer surface. The csecum is scarcely coiled and is blunt 
and knol^-like. The hepatic ducts are long (14 mm.); they 
seem to enter the csecum at the point where it curves over. The 
first section of the intestine is thin-walled. It is succeeded by a 
more muscular part, which is continued to the anus. There is 
no ink-sac. 
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lieprodttctive Organa ( c? ). (Text-fig. 40.) 

The testis and other organs wei*e fully developed and occupied 
a very large part of the visceral sac, the gills and their 
appendages being displaced in a dorsal direction, and crushed in 
l)6t\veen the sac and the wall of the mantle. The testis is of the 
usual general shape. The proximal part of the vas deferens is 


Text-figure 40. 



H<Uh,ypolifj}ti$ if r impel. Generative orgsus ((^). X 2. 

I., 11., 111., vesicula seminalis; app.t appendix of the prostate (p.) ; 
t,, testis. 


very long, measuring about 13U uaii. It would appear to be 
longer than usual, though authors do not usually specify the 
length of this structure. The second part is likewise very long 
(06 mm. ?+4). It consists of (1) a short glandular portion 
(gl. sp. i. ; cf* Maichand), (2) a thin-walled part, and (3) a long 
glandular section (gl. sp. ii. k iii.). One area of this is transveiBely 
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ribbed like the proittatic part ot the bpermoviduct of a puiiuo-' 
nate. The prostate is long, and very much expanded distally Its 
neck is long and thin. There is a well-marked accessory gland 
at its proximal end. Needham’s organ is long and pointed. The 
penis has a well-marked posterior diverticulum. The system as 
a whole is very like that of B, (Prostdj, J84i), fig. 1, 

pi. i.). The first pailj of the vas deferens is longer, and the 
prostate is of a different shade from the cluh-like form seen 
in arcticm* The divtrtusulum penis is not so long and pointed in 
the latter. 

Tiie spermatopliores measure about 35 nun. Employing the 
terminology used by Russel (1922, p. 30) and based on that of 
Racovitza, we may distinguish the aboral end as very much 
swollen (5 mm, diam.). The region of the false tube is also 
swollen. The oral tube expands somewhat below its extremity. 
The flagellum measures some 40 mn). 


Text- figure 41 . 



The structure (text-fig. 41) is like that of B, arcticvs in the 
swollen aboral extremity, but Prosch s figure is otherwise ver>' 
unsatisfactory. The swelling seen at the level of the false tube 
in gritnpei is not figured by Prosch, and on the other hand 1 do 
not find the twisted length of oral tube shown in his figure (2 a). 
This species has marked affinitieir with P. vahliviix Chun (1915, 
p. 485), and at first sight it was identified with that form. On 
close study it was found, however, that scarcely any system 
exhibited real resemblance. The following table shows the facts 
on which the distinction is based : — 

VAimmiB. GEIMPBI. 

1. Head very wide, width acrosB eyev' Head normal, ocular width about the 

exceeding that of mantle. Marne a» that of mantle. 

2. A long cirrhus over the eyes. ^ Suifncc sculpture like that of valdivite^ 

hut cirrhiis not present in adult, 
t^iough indicated in young. 
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VALDlVliK. 

8. Colour red*brown on dorsal, cloar 
brown on ventral mirlaoe. 

4. Mantle “breifcer als hocli” (but cf, 
figure). 

o. Funnel organ welLdeveloped. 

6. Hectocotylus ; (a) with five “ quer- 

wulste ” ; {b) tip rounded and bent. 

7. Radula {cf. fig. 39 and Chun, t.e. 

fig. 53). 

8. Locking apparatus of mantle includes 

a deep cleft below mantle-edge. 

9. Apex of mantle rounded. 


UKlMPi:}. 

Colour lees differentiated on dorsal and 
ventral surfaces. General shade 
(formalin specimen) dull purplish 
brown. 

The reverse. 

Absent in adult ; very occasionally found 
in undeveloped condition in young. 

Hectocotylus : (a) with four ** quer- 
wulste ” ; (5) tip pointed and more or 
less straight. 


No cleft. 

Apex of mantle usually diawii to a 
pronounced point. 


Chun (Z. <?. p, 455) has compared P, veddimee with Joubin and 
Fischer’s ergasticus and ajionsalis* It has already been pointed out 
tiiat ergastiem cannot be accommodated in Grimpe’s two genera, 
as it combines a unicuspid rhachidian tooth with a small (though 
differentiated) hectocotylus. 

I think the truth is probably that, from the normal hectocotylus 
to the large massive type, we have a series of graded types, and 
that the differentiation of the rhachidian tooth does not in all 
cases keep pace with that series. Thus ergaaticus, which has a 
fairly small hectocotylus, has a completely unicuspid rhachidian. 
It will be thus seen that a hard-and-fast generic arrangement in 
such a case and with such data is out of the question. As far as 
relationship is concerned, the following diagram may pix} visional ly 
bo used ; — 


piacatmmm 



ardicua group. 
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This diagram indicates that the combination of the radular 
character and increase of sixe and complexity of the hectocotylus 
qualify ergoBtimiB for the line that gave rise to the ardicus ; 
hut in view of the size of the hectocotylus and the amount of 
upward folding of the sides, wliich is less tiian in grimpei and 
valdwixtl, it may be considered as less specialized. iSportBalis is 
excluded from this table as nothing is known of the radula. 

The foregoing remarks seem to stress the northern alfinities of 
grimpei and valdimoi. There are some indications that similar 
forms may be found among the deep-water polypods of other 
j>art8 of the world (e.g. hoglei Herry, 1912, p. 298); but I am 
inclined to think that the afhnities of these species are as indicated, 
though it must be admitted that the evidence is, as yet, very 
incomplete, 

Bathypolypus ? vALDivi.® (Chun). 

One specimen ( (^ ), immature, from Btation 63 (Cape Town) ; 
220 fathoms. 

A very young example, probably referable to this species. 

Poi.Yrus Kuoosrs (Bose). 

? Sepia rugoBua Bose (1 792, p. 24). 

Three examples : 2 J (Nos, I «k 2) fx'om Btn. 388 (Natal Coast) ; 
38 fathoms. 

One (No. 3) from Btn. 389 (Natal Coast) ; 40 fathoms. 

In bis list of recent Cephalopoda (1886, p. 216) Hoyle has 
distinguished P. tubercitkitua DOrb. as a West Indian, Medi- 
terranean and West African species, and P, gramdaiiis Lamarck 
(s=s/’. rugosuB Bose) as an Atlanto-Pacific form. Most workers 
Imve accepted this view, but it is evident that a good deal of 
confusion exists as to tlie identity of the two forms and to the 
names which should be applied to them. 

The matter is to be dealt with more fully elsewhere, but it is 
desirable to give a brief resumd here. 

Comparison of the examples named rngoeua ” by Massy (1 916, 
p. 147) from Rio de Janeiro and an example labelled graiuil^aius ” 
from Port Elizabeth (Brit. Mus.) with the Natal examples here 
described and other Indian Ocean material prove that tliey dider 
very fundamentally ixi the character of the radula and hecto- 
cotylus. Certain other structural details differ, but they are not 
absolutely coiTelated with the differences just mentioned, and, as 
far as the external characters are concerned, the differences 
between the Atlantic and the Indian Ocean and Pacific forms aie 
very obviously transgressive. It is extremely dubious what the 
correct names of the two forms should be. The view that 
tv^culatUB (auett.) is the N. & S* Atlantic and W. African form 
and mtgosuB the lndo*Paeiflc form seems to me incorrect ; and I 
am very doubtful whether rugoBue extends out of the Atlantic at 
all. As for the actual names to be employed, I think it may be 
pROC. ZooL, Spe,— 1924, No, XLIV. 44 
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necessary to adopt the view (1) that de Blainville’s tuhercvHatue 
is the same as the imgoma of Boso, (2) that D’Orbigny (1835, 
p. 45), misled by the extremely pujzling transgression in external 
characters, unwarrantedly took Indo- Malayan forms into his 
rugasust (3) that rtigostia is the correct name for the restricted 
Atlantic form, and (4) a new name must be sought for the Indo* 
Pacific species. 

The following data relate to the Natal forms : — Nos. 1 and 2 
ore purplish brown in colour. There is a marked reticulation 
on the umbrella at the base of the arms. The bases of the 
suckei*s are bright violet in colour, and there is a sharp colour 
contrast on the inside of the arms (cf» Brock, 3887, p. 607). 
No. 3 is similar but duller in colour. 

The skin is covered in all three specimens with small low warts, 
tending to form lines and occasionally becoming trifid. The 
ventral surface is finely granular. There is no ventral fissure. 
The arms are three times as long as the body, and the following 
formulee are found : — 

No. 1; 3.4.2. 1 No. 2 : 4 = 3.2. 1 No. 3 : 2 = 3.4.! 

3.4.1 4. 1.2. 3 2.4.1 

The brachial membrane is only slightly developed, and the 
umbrella is practically absent between the first arms. The hecto- 
cotylized arm has a small distal apparatus. This is wider than 
the ‘ Terra Nova ’ rugosua^*^ the calamus is much more blunt, the 
ligula is adjacent to the last sucker, and the whole arm is very 
short. The beak of the inferior mandible is very short. In the 

Text-figure 42. 


Foljfpus rugo9ti$. Kadala. Adm^diiin teeth. X 32. 

radula (text-fig. 42) the cusp of the admedian tooth is at the 
exterior angle, while the second lateral is devoid of an entocone. 
Comparison of text-fig. 42 with text-fig. 5 of Massy's 1916 paper 
will show the marked difiference between the Natal and Brazilian 
forms. 

Undetermined Fohjpode. 

1. One specimen (? sex) from Station 46, west of Cape Town ; 
260 fathoms. 

A veiy young specimen (mantle 17 mm. long), very like young 
B, grimpei, but with the anterior and posterior surfaces ^ the 
mantle sharply demarcated by a ridge, as in B, arctiem* 

2. One specimen (? sex) from Station 294 (?) 260 fathoms* 
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A young example (mantle-length 18 mm.) in unsatisfactory 
condition. 

This specimen is very remarkalde in the possession of suckers 
arranged mngly out to the edge of the umbrella, after which they 
become biserial for a short distance and finally uniserial again. 
In general appeaiance it is not unlike a young grimpeu 


Family BoLiT^NiOiE. 

Eleoonella Verrill. 

The status of this genus and of the associated Bolitcena has 
always been a source of confusion. In 1920, Sasaki (1920, p. 1 70) 
proposed to cut the Goixlian knot by placing Bolitcena (of Chun, 
1911), JapeteUa [part] (Hoyle, 1885), and Bledonella (cf. Hoyle, 
1886) as synonyms of a new genus, Chuadla^ on the ground that 
Bolitcena was a name given to a genus closely related to Alloposus. 
Actually the description of BoliUena given by Steenstrup was very 
incomplete. Hoyle (1886), who had had access to Steenstrup s 
MS., reproduced (/. c. p. 16) a fuller description oi B.microcotyla, 
in 1884, Yerrill had described EledoneUa pygmcea the type of a 
new genus, and in this genus Hoyle placed his diaphana (1886). 
Uhun and Thiele referred the latter, however, to Boliicena (1914 
and 1915). In 1918, Joubin (1918, p. 40), after a consideration 
of the central nervous system, separated Bolitcena {B, diaphana 
Hoyle [«icl]), Eledo7ieUa (E, pygmcea Verrill), and Vitreledonella 
( F. richardi Joubin). 

I do not think we are in possession of enough material yet to 
solve the whole of this di6iculty. I venture, however, to submit 
evidence that clears up a certain part of the difficulty ; though, if 
it is accepted, another one is immediately raised. As Berry 
(1921, p. 352) points out, Sasaki’s contention that Bolitcena {cf. 
Steenstrup and Hoyle) is an AUoposusAik^ form needs elaboration ; 
but I may point out two facts that render Sasaki’s view very 
plausible. In 1 904, Hoyle described specimens of B, microcotyla 
from the ‘ Albatross ’ collection. He figured the radula and 
described the funnel organ. He also (i;. p. 11) compared his 
example with one in the Hamburg Museum ** closely resembling 
Steenstrup’s type.*’ Neither the radula nor the funnel organ is 
at all like that of diaphana or pygmcea (auctt.) and w^ould be 
considered generically distinct (o/. his fig. 1, pi. iv. of the xadula 
and description of the funnel organ (p. 9) with the figures of 
dioj^na and pygmcea in Chun (1915)). In short, the W-shaped 
funnel organ resembles that of AUoposun mollis {cf, BeiTy, 1912, 
text-fig. 12), and the radula with its tricuspid rhachidian and 
unksuspidate latemls again resembles that of A. moUis {of. Joubin, 
1896, pi V. fig. 1 1 ) rather than that of diaphana etc. If, then, we 
agree that t^ form described by Steenstrup has nothing to do 
with diajdkana etc., but that it is probably to be applied to an 
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4Uopo8%iBA\ke form, what is the relation of diapJimia to the type- 
species of EkdoneUa ? Is thei*e any justification for regarding it 
as generically distinct {cf. Ohiin and Joubin)? In spite of the 
important differences in the central nerrous system described by 
Joubin, I am a little inclined to discount it taxonomically. Thc^ 
radulee of the two forms, though offering some contrast in the 
number of denticles of the lateral teeth, do not appear to be 
generically distinct, nor are they in their other features so much 
dissimilar. As to the value of the character of the central 
nervous system, on w'hich Joubin relics, I may point out that 
E. mmsyce^ which in general is nmrdiapliana and pyr/mcea and is 
certainly distinct generically from Vitreledonella on the radula, 
agrees with the latter in the characters of its nervous system, 
and not with the former. 

One point remains for consideration. If we accept the evidence 
adduced above, and, on account of its resemblance to Allopoaus^ 
reject Jiolitmna from association with the Ekdoi^dloriorm^, we 
are almost compelled ipso facto to reconsider the status of ui lloposns, 
Jiolitfciia would have some twenty years’ priority over AUopostm^ 
ami would have to replace it. However, although I am satisfie(l 
that there is some evidence that the Eolitcfua of Steenstrup is 
not congeneric with diaphana etc*^ I do not think we know enoiigh 
about it to say it is with certainty identical with AUoposns, 

Eledonella massy.® liobson. (Plate IF. fig. 8.) 

E. massym Robson, 1924a, p. 202. 

One specimen ( $ ) from Station 87 (Cape Town) ; 1014 fathoms. 

The external features of this species have already been described 
(Robson, L c.), but some additional details maybe given. The 
ground-colour in formalin was a pale yellow. The surface was 
covered with numerous rich purplish-brown chromatophores, which 
tend to fuse on the liead and arms to give a purplish tint. The 
colour of diaphana and pyym(^a(v, Chun) is charaoterijsed by the 
presence of bright omnge-red chromatophores. 

The dimensions of the umbrella arc as follows (measurements 
being taken from the level of the first sucker, which lies about the 
same level as the point at which the arms separate) : — Between 
arms 1-1, 9 mm.; arms 1-2, 7 mm. ir 1 ; arms 2-3, 7*5 mm.; 
arms 3-4, 6 ± 1 ; arms 4-4, 0 mm. 

The suckers, which, as in diaphana^ are imbedded in a 
membrane on some of the arms, are slightly globular and arc 
devoid of any definite constriction. 

In the original description it was stated that niassycc differs 
from diaphana in its widely-spaced suckers. All the accounts of 
diapha/fia agree in showing the suckers closely serried, except in 
the case of the very young specimen figured by Joubin (1900, 
pi. ii. fig. 6), in which on two of the arms the suckenp seem more 
widely spaced than usual. I am inclined to discount this, ov^ing 
to the sise of the specimen and the possibility that the drawing 
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may be inaccurate. It should be noted that the number of 
suckers on each arm in adult specimens of diaphcma far exceeds 
that found in inmsifw. The proportions of the visceral sac exhibit 
some differences from tUaplMia. I am a little inclined to mistrust 
evidence based on such a plastic character* But the fact remains 
that the width of the inantle>aperture relatively to the maximum 
width of the mantle is distinctly less than in all the described or 
figured examples of diaphana^ The proportions likewise attaine<l 
by the umbralla between the various arm-pairs differ in general 
from those exhibited in diaphana^ though there is agreement in 
detail* More noteworthy differences from diaphana in funnel 
organ, radula, and central nervous system are described below. 

It remains to note that additional differences from E, heaihii 
are found in the absence of definite constrictions of the suckers 
and in the lack of prominence in the eyes. 

The statement under A (2) in my original paper (1924(1/, p. 203) 
requii*es some qualification with regard to the head, in which 1 
now consider veiy little size-difference can be seen. Similarly, 

Text-figure 43. 


Kledonelln Uadala. X 35. 

the size of the head renders it less unlike pyijmcea than 1 origin- 
ally tliought (c/. Chun, pi. Ixxxi* fig. 5). The radula {of. Thiele, 
1915), central nervous system (Joubiu, 1918), and the spacing of 
the suckei*s, on the other hand, are strong ^wints of difference 
from VerrilFs species. Neither Verrill nor Chun ropi*eseuts 
pygmofa as having the suckei’s joined by a membrane. 

The funnel organ is very unlike the triangular structure 
figured by Thiele (L c, p, 494). It is broadly V-sbaped, with the 
arms of the V rather leaf-shaped and its apex rounded. Willi in 
the mantle-cavity the funnel is continued to a considemhle depth 
by its lateral I'etmctor, which forms two long ‘^bridles” which are 
inserted on to the body- wall along their entire length. 

The median septum terminates apically on a level with tlie 
bmnchial hearts. This septum is composed of two sheets of 
tissue, which are inserted in the bodv-wall some distance right 
and left of the median line. The gills and branchial hearts are 
supported on a wide ligament similar in distribution to that of 
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E. diaphmia. The integument covering the viscem k covered, ae 
in the latter species, by a number of large pigment spots. 

The radtda (text-fig. 43). — The rhachidian tooth has usually a 
tall median cusp and three lateral cusps on each side. There seems 
to be a serial repetition (v. p. 660), in which at every fourth tooth 
the admedian lateral cusp occupies a position os a sort of outgrowth 
from the main cusps (c/1 both pygmaaand diaphana Thiele, 1915), 
The tooth as a whole seems to be intermediate between the two 
latter species, and dififers from dtap^icma in its relatively narrow 
base. The first laterals are five-cusped. The tooth is perhaps 
more like that of diaphanay but the cusps are longer and more 
slender. The second laterals are five- to six-cusped, with a serial 
tendency for the first cusp to be double at every fourth tooth. 
These teeth again are more like diaphanay but the number of 
undivided cusps exceeds that of the latter. 

The Giroidatory and Respiratory Systenu 

The heart is asymmetrically placed on the dorsal side of the 
reproductive organs. It is more triangular than pear-shaped 
(Chun, 1915, p. 520). There are two arteries coming oft 
independently at the ventral end, instead of three arising from a 


Text-figure 44. 



MledemVa nut4$jf6e, Foniak mproductive system. X 5. 

common trunk (as in diaphofna). The genital artery arises in 
the same position as in diapkanOy while the origin and course of 
the cephalic artery resembles that species. 

The biwnchial hearts are vei^ large relatively to the sise of the 
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gill. On the dorsal surface h found a very small “appendage.*' 
This is not noticed by Chun (1915) or Joubin (1918). 

The pallial vein bifuitsates immediately after passing the gills 
as in E. diaphatm. 

There is a well*developed branchial gland as in Viireledoiiella 
(Joubin, 1918). This organ is not described by Chun for 
diaphanaf but in his fig. 5, pi. Ixxxiii. a structure is shown that 
may represent it. 

The Eeproductive Orgam (text-fig. 44) have already been briefly 
characterized (Robson, L c. p. 208). "ijo tiuce of an aquiferous 
duct was found, and it is not referred to in Vitreledondla by 
Joubin (L <?.). 

The ^ervoiia ^Sgetem (text- fig. 45). — The optic nerve is very long. 
The peduncular ganglion is situated close up against the optic 
ganglion as in Vitreledonella^ and not in the middle of the optic 
nerve as in Ekdonella pygnum (cf. Joubin, 1918, p. 40). There 
are two distinct optic ganglia of approximately equal size, and 
adherent to the lower is a corpus album (of a dai*k grey colour). 


Text-figure 45. 



EledoneUa mastya. Optic ganglia. X 7. 
a,opt.f optic artery ; c.aib,, alb. corpus ; y.opt, 1, 11, optic ganglia ; 


o.n., optic nerve. 


This is present in E. diaphatia, but not in pygnuxa. In Vitrek- 
doneUa the optic ganglia are fused or single, between the optic 
and peduncular ganglia is a minute “ tache grise ovale,” while 
on the eyeball itself is a “ corps blanc.” These constitute marked 
dififerences between Joubin's genus and this form, and may be set 
off against the resemblance in the position of the peduncular 
ganglion. 

On the whole the afiinities of this form are distinctly with 
pygmasa and dtaphana^ though with which of these forms it 
should be compared is uncertain. Pygmasa is probably more 
definitely northern in the Atlantic, while dmpkana ranges from 
north of the Equator in the Atlantic to the Indian Ocean and 
Pacific. Tiiere can be no question of the distinctness of 
maaeym from diaphana in many character. Though this 
^ecies is founded on a single female, the majority of the 
difibrentia are not such ae usually have a sexual basis. Hoyle’s 
type is almost unrecognizable. Wbnt is available for study (the 
arms and suckers to wit) is unlike our form. 
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Tribe 2. Cirrata. 

Family Cirrotbuthibj!:. 

CiRROTEUTHis Eschr. 

This group of animals and the allied Stauroteuihia have long 
been a source of confusion. As it is treated at present, it contains 
a number of forms of very dubious affinity. Verrill (1 880, p. 382), 
Hoyle (1886, pp. 55 & 59), Berry (1910, p. 271), and Grimpe 
(1916, p. 326) have all eJflier speculated on the relationships of 
the two genem or proposed grounds for separating them. 

The two most definite pronouncements are those of Berry 
and Grimpe. They characterize the two 'genera thus : — 
Btauroteuthiuec — StauroteiUhiS : dorsal cax'tilage horseshoe-shaped. 
Oirrhoteuthinae — Cirrhoteuthis : „ „ saddle-like. 

Verrill was of the opinion that the open or closed condition of 
the mantle-cavity was of taxonomic importance ; but this 
important feature has not been considered by later authors. 

After reviewing the description of the nineteen or twenty 
species that are assigned to these genera, I find myself totally out 
of agreement with Berry and Grimpe. As Joubin points out 
(1920, p. 21), the shape of the dorsal cartilages is most inadequate 
for taxonomic purposes. The animals in question cannot be 
divided into two even moderately distinct groups on the strength 
of this character, lii C, mulleri and magna the cartilage is 
saddle-like. In meangensis it is rectangular, cakI hoop-like 
(Hoyle, 1886, pi. xiii, figs. 5 6). In hippocrepium {ibid, 1904) it 

is rounded and like a narrow horseshoe. In grimaldii (Joubin, 
1912) it rcvsembles a wide Jialf-hoop. In ehersbachii, s^temis, 
and the present species it is V-like. It is true that the form seen 
in the first two is not found in the othei'S ; but among the latter 
there is just as wide a difference between (e. g,) 'imangmaia and 
eherahachii. In other words, the criterion of distinctness breaks 
down on this character. Again, the mantle-aperture is equally 
fallacious as a guide. We find it widely open in megalope Berry, 
partly open in viidleri^ closed in grimaldii^ etc. 

These two chamcters cannot be correlated, as the correlation 
breaks down in the case of mmsyos and magna^ which have a 
saddle-like cartilage and clo.sed mantle- cavity. Otherwise the 
horseshoe-like cartilage is found, with the closed condition of the 
latter. 

I would also point out that other evolutionary tendencies are 
at work that are not expressed in the distinction quoted above, 
and may be important: — A. There is a line of descent leading to 
forms with the fins placed npieally on the mantle (e. g. grimaldii) 
and a short, squat visceral sac. B. There are forms in which the 
visceral sac is small and the arms and velum progressively longer. 
There are, however, such large gaps in our knowledge (s. g. the 
shape of the dorsal cai*tilage is Imown accurately in onljr teu out 
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of eighteen species), that it is useless to speculate on the true 
arrangement of these forms. In such a position I consider it the 
more^ reasonable and sounder taxonomic principle to avoid the* 
erection of artificial groups where the evidence is so unsatisfactoiy. 
As a case in point, the present species is in general not unlike 
Grimpe’s Chunioieuihia ebersbachii, which the author likens to 
iStauroteuthis ai/rtensis on the strength of its V-shaped cartilage. 
But it seems to me that the characters on which Grimpe’s genus 
rests would qualify nearly all the known species to be given 
separate generic status. ^ 

There would be in the present instance a case, as a palliative, 
for maintaining Stauroieuthia and Cirroteuthia for at least the 
extreme forms, e,g, those combining a saddle-like cartilage with 
an open mantle (e. g. mvlleri\ as opposed to those with a hoop- 
like cartilage and a closed mantle (e. g. ayrtemia). But in actual 
fact, so few forms have ciystallized out into these combinations or 
any satisfactory generic character-complexes, that one has no 
option but to fall back on the original type-genus of the family 
and await the advent of more information. Exactly the same 
conclusion is arrived at by Joubin {L c.). 

OiBROTEUTHis GiLCHRiSTi Robson. (Text-fig. 46.) 

C. gilehriati Robson, 1924, p. 204. 

One adult ( cf ) from Station 626 (Cape Town) ; 1400 fathoms. 

A few details may be added to the description of the external 
parts. A fresh examination has confirmed the impression that 
the species has some affinities with ChuniotetUhia eberahctchii 
(Grimpe, 1916, p. 357), though it is very distinct specificall 3 \ 

1. The fins are more or less parallel-sided and rounded at the 
outer end, not triangular as in Grimpe’s species. They are about 
the same length as in the latter. 

2. The measurement of the arms is very doubtful, as the 
amount of error due to their elasticity is very large. Their tips 
are not all complete. 

3. The fragile umbrella membrane is broken in many placesi 
and its extent is very unceiiiain. The following depth measure- 
ments are approximate : — 


Between arms 1-1 116 mm. 

1~2 115 „ 

2 - 3 - „ 

3 - 4 - „ 

4- 4 105?,, 


4. The ciiThi measure anything up to 18 mm. in length, and 
are therefore shorter than those of aherabaehiu 

5. The profile of the suckers diffiers from that of eherabachii^ in 
which the first two are spitzkegelig,” the next fourteen to sixteen 
** stttmpfkegeliB,'^ the first four being knob-like, and in succeeding 
pnes flatter tma far less conical. 
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6. The first; four suckei*s difi^er very markedly in form and size 
from the succeeding ones, and there is a rapid .change in size 

* between the fifth and seventh. 

7. The mantle>orifice is reduced to a small pore, fit>m which the 
funnel does not project. This is an important character, probably 
of generic value. It agrees with thm'tthachii in this respect. It 
is pi'obable that in neither case is the funnel extrusible. 


TexUfigure 46. 



The JisctocotyluB is very little known in the genus. Orimpe 
(1916, p. 358) supposes that the enlargement of the suckers 
in the proximal region of the arms may represent this. 
Sasaki (1920, p. 169) states that in S. albairoMi both dorsal arms 
are hectocotylized, being provided with three very conspicuous 
suckers half-way along their length, 1 am myself a little sceptical 
as to whether a slight enlaigement of suckers is a sign of hecto- 
cotylization (c/. the condition in the f^ale tbpugh 

tlmre seems to be some evidence that substantia] enlargement in 
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some species of Polypus is at least sex-limited (cf, Bobson, 1921, 
p. 437). 

The dorsal cartilage (text-fig. 47) is veiuar-kably flat (not 
resembling that of C» umbellata as originally stated), an<l seems to 
foreshadow the practically straight form seen in OpisthotsuXhis. 

Pollial complex. 

When the mantle-cavity is opened, the geneml disposition of 
the viscera is seen to be diflferent from that found in St, wulkeri 
or Ch, eherslmchii (Ebersbach, 1915, pp. ^70-371). The cavity is 
very much reduced, occupying only about one-half the width of 
the visceral sac. The fusion of mantle and head has evidently 
been extended apically to the restriction of the cavity. As a 
result nil the pallial organs are very much crowded. The funnel 
has a considerable free portion, and is extended so as to cover the 
anus, and is secured to the ventral body-wall along the median 
line. On its inner side is a paired funnel organ situated ver}' 
high up near the anus; 

The gills have eight (there are nine in ehershachil) main lamellsc. 
The branchial gland (*‘ Kiemenmilz **) projects beyond the gill 


Text-figure 47. 



CirroUuthh gilchritti. Donwl carti1a;;c. X 2*4 


apically, and there is a large circular branchial heart. On the dorsal 
surface of the latter is a small circular appendage. The heart 
is markedly asymmetrical and rather unlike that of wulkeri 
( as umheUata of Ebersbach, I, c, pi. ix. fig. 4). It resembles that 
of Opisthoteuthis (cf, Meyer, 1906, pi. xiii. fig. 14) more nearly. 
The genital artery and posterior aorta come off a common trunk. 
The pallial artery divides into a superior and lateral branch.. of 
which the latter supplies the fins. The anterior aorfa curves 
anteriorly and downwards, giving ofi* a hninch to the liver and 
then following the usual course. 

(text-fig. 48). — The testis was median in position and 
well-developed. There is a very short proximal vas deferens, 
which abruptly enlarges into the first seminal vesicle. At the 
junction of the third and second seminal vesicles is a small 
accessory organ, probably equivalent to the accessory gland of 
C, wulkeri (umbmeaa [sic !] Ebersbach, text- fig. 17). The third 
seminal vesicle runs direct into the very large penial accessory 
gland, in the centre of which is the short penis. The second 
seminal vesicle is thin-walled ; the third muscular. Needhain’s 
organ was found on the anterior surface of the accessory penial 
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gland. There is a certain geneml resemblance between this form 
and ehershttohii and wiilkerL It is, if anything, nearer the former, 
from which it differs in charactei-s already discussed (Bobseii, 1024, 
p. 205). In eb^rsbachtif moi*eover, there is pmctically no distinction 
between the first vas deferens and the first seminal vesicle. In 
this our species resembles toulkeri. uhich it again resembles in the 
possession of an accessory gland. 


Text-figure 48. 



CirroteuthU gilehrM. Malt genitalia. 

a.g., accessory gland; p.g,, accessory gland of penis ; vesicula sominalis; 
t.d.y vas deferens. 

A second individual from an unknown station is probably 
refemble to this species. It is in a damaged condition, and while 
its general form, fins, and genitalia seem to resemble tliose of 
gilchnati^ the dorsal cartilage is bent at a more acute angle and 
the adoral suckers are not enlarged. 

CXRROTBUTHIS A. 

Three specimens from Station 525 (Cape Town) ; 1000 fathoms. 

Eight „ „ 526 ( „ ,, ); 1400 

These specimens are nearly all very small, about 40 mm. long. 
One only measures over 60 mm. Inasmuch as not even in the 
largest is the gonad mature (judged by its small size relatively to 
the containing capsule), 1 assume that the examples are not 
mature, and therefore undeserving of a specific i^ame. 
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Tlie aniinal has the same general shape as G» grimaldii Joubin 
and Staaroteuthis sp. (young) (Berry, 1910, p, 274) — i, e., it is short 
and squat, with a thick umbrella extending far up the arms, and 
apical fins. It differs from the bitter and from eberebaohii and 
(jihhrhtl^ however, in having a relatively large mantle-orihce, 


Text-figure 49. 



CirrotenthU A. Dormil cartilagre. X 6*83. 


and from the latter in having the fins less terminal in position and 
the cartilage more U-shaped and more like that of C, ehersbotchii. 
The shape of the cartilage (text-fig, 49), the position of the fins, 
and certain characters of the funnel differentiate it from wiilkeriy 


Text-figure 50. 



Cirroi 0 »thi 8 A. Male geniti^lia. X 7*67. 
n,ff, ? ■» accessory gland of penis ; a.d., aqniferone duct ; 

I, H, TII ? » mdimentH of veaicula Aeminalia. 

while many charactei^ differentiate it fi*om the young umhellata 
described in the original account of that species (Fischer ik 
Joubin, 1906, p, 320). The mantle-aperture is roughly one-third 
the width of the visceral sac. The fins are large, narrow at the 
base, and somewhat expanded distally. ^ 



882 


MR. O. C. RoBSOK ON T«R ORPHAtOPODA 


The arms are subequal in length, and measiii^ about 48 mm. in 
the largest specimen. The average number of suckers is 50. They 
show a tendency to increase in size up to the ninth, after which 
they decrease again. The cirrhi are small, measuring not more 
than 1 to 1*2 mm., and extend practically to the end of the arms. 
They are plainly retractable into crypts, which, at least in the 
adoral region, have well-marked muscular walls. 

Genitalia , — Three males were examined, and all were found to 
be in an undeveloped condition (text-fig. 50), the characteristic 
structure of this group being undififerentiated. A well-developed 
(?) accessory gland of the penis wa.s found. The aquiferous duct 
was likewise well -developed. 

(‘jBROTEUTHis B. (Text-fig. 51.) 

One example (immature) from Station 85 ; 790 fathoms. 

This specimen only measures 14 mm. over all, and is in all 
probability immature. 


Text-figure 51. 



Owing to the possibility of its being a form of (7. umheUata and 
to the consequent importance of the external form, it was con- 
sidered undesirable to dissect the animal. 

We are not possessed of any exact data as to the external 
expression of juvenile characters in this genus, so that the 
following points may be useful 

A. The cirrhi are represented by low, rounded papill» in this 
form. In the small meanffemU (30 mm.) the cirrhi are small, but 
not exactly papilliform. It is a question whether the papilliform 
condition of the cirrhi in this case is specific or merely due to 
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immaturity. Unfortunately there are available no records of 
actual specimens of young examples between 14 and 30 mm. 
In Fischer’s youngest example the cirrhi are not described, and 
are not visible from the 6gure. Among the young examples of 
CirroUuthie A {v, supra)^ one measuring some 29 mm. has short 
but definite cirrhi. The same is true of Berry’s S, mawaoni 
(32 mm.). The result is that we are unable to say whether the 
papillae in this case are early stages of cirrhi or definitive 
structures, 

B. More positive information is available as to the length of the 
arms relatively to that of the umbrella. 

In this form the arm-tips are barely clear of the top of the 
umbrella, a condition seen in Berry’s mawaoni (Berry, 1917, 
figs. 1-3) and Staurotauihia sp. {iMd. 1910, pi. xxxiii. fig. 1,). In 
young and old examples of (yirroteuthia A we find the following 
figures : — 

Tip of arm to edge iivj 

Total length (1). of umbrella. length’ 


1 60 mm, 19 31 

2 45 „ 11-5 24 

3 42 „ 12 28 

4 39 „ 10 25 

5 32 „ 8 25 

6 32 „ 7 21 

7 32 „ 6 18 


We thus have a steady increase in the length of x with in- 
creasing total length, which indicates that the present example is 
possibly juvenile. It should be pointed out, however, (1) that in 
all fairly young specimens, though the umbrella is continued up 
the arms, the former at least in one case {umbettata^ cf. Fischer, 
1906, pi. XXV. fig. 10) is deeply indented ; and (2) that one cannot 
always safely argue from size to age. 

The fins are relatively enormous, and are long and paddle-like, 
recalling the condition seen in 0. megaptera. The umbrella and 
arms are remarkably short. The dorsal cartilage is distinctly 
horseshoe-shaped, recalling those of n?7t5eS(zfaand wxilkeri (Grimpe, 
1920, p. 237). From the latter this form is distinguished by the 
following characters : — 

(1) The fins are relatively larger and of a different shape, 

(2) i. The funnel is acorn-shaped at the end in wiUkeri ; while 

it is tubular in this case (pf. Grimpe, 1920, fig. 5). 

ii. The orifice of the funnel is anteriorly directed in wUlkexn, 

posteriorly in this case, 

iii. Tim inferior border of the funnel and the taste-organs 

are within the mantle-cavity in wUlkari^ and outside 

it in l^ts ease. 

iv. wMari possesess a fovaola*\ike depression which is 

absent in this form. 
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From mibeUata it is distingui&hed by (1) the size nnd shape of 
the fins ; (2) the greater freedom of the funnel from the head in 
umbeUata (Grimpe, I, c. fig. 5 6, B) ; (3) the shape of the funnel, 
which is intermediate between willkeriBn(k umMUata ; and (4) the 
dorsal cartilage, which is distinctly more angular than that of 
umhtMata (Grimpe, L c. fig. 4). 

From megaptera^ which it resembles in the size of the fins, it is 
distinguished by (1) the absence of the very deep indentation at 
the insertion of the fin, (2) the shape of its fins*, and (3) its short 
umbrella region. I understand from Jou bin’s account that he 
satisfied himsolf that niegaptera has a horseshoe-like cartilage. 

On the whole I am inclined to think that this form is probably 
very immature, bub that it is a distinct species w’ith affinities 
among the North Atlantic forms. 

It may be noted that the right eye of this form was almost 
burst from ifcs socket. 
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EXPLANATION OF THE PLATES. 
Plate I. 

Fig. 1. Ahralia gilchriati Robson. Type. Natuinl sixe. 

2. OctopodotenthopsU sp. X f. 

3. Anomalocmnchia impemU liohhoiu Tjpe. X -J. 

4. Uo88ut enigmatica Robson. Type. X J. 

6. Liocranehia intermedia Robson. Type. X 'i. 

Plate IJ. 

Fig. 6, Sepiella egan8a Robson. Type. X i- 

7. Benthoctopus herrgi Robson. Type. X j. 

8. JEledonella ma8$ym Robson. Type. X 1. 

9. Bhomhosepion HeronU (^) lioh^ou. Cotype. X 

10. BaihypolypuB grimpei Robson. Type. X J. 

11. Bhombo8epion hieronis (f) Robson. Cotype. X i. 
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27. The Necessity for Qaantitative Methods in the 
Investigation of the Animal Life on the Sea-bottom. 
By C. G. Job. Petersen, Ph.D., LL.D., D Sc., 
Copenhagen *. 

[Received Februnry 18, 1924; Read April 1, 1924.] 

Summary. 

The method hitherto followed in the study of the fauna of the 
sea-bottom of establishing zoogeographical regions is defective 
and suffers from several radical faults. It should be supplemented 
and in time superseded by the new method of establishing the 
“ communities *’ or characteristic faunas of smaller areas. This 
community work has been rendered possible by the elaboration 
at the Danish Biological Station of special instruments, and in 
particular the bottom sampler or grabj by means of which the 
quantitative abundance of the animals living at or in the bottom 
can be determined and the areas of occurrence of the different 
communities charted out. The charting of communities has been 
successfully achieved in the Skager Rack, Kattegat, and Belts, 
but much remains to be done in more open waters, such as the 
North Sea and the Norwegian Sea. Widespread quantitative 
investigations giving a trustworthy conception of the number of 
animals per unit of bottom must be carried out, if any real 
progress is to be made in the study of the zoogeography of the 
ssa. When the communities have been charted out in the manner 
indicated, we shall have a better and more reliable picture of the 
distribution of life on the sea-bottom than has been achieved by 
any other method. 


The ordinary method of marine zoogeography has hitherto 
consisted in an enumeration of the species belonging to the 
various systematic groups found in certain water; further, in 
comparing the number of species in one area with that in 
another, and thus enabling one to draw up ** provinces, 

“ regions,’* or what other designation one happens to prefer. 

Further, zoologists have tried to ascertain the distribution of 
each species everywhere in the sea, in order to draw conclusions 
as to the external conditions under which the different species 
live, and where to look for their centres of distribution. ” 

This system has originated within the walls of museums, and, 
as a rule, it is founded on more or less casual sampling. Sddom 
have the eoUeotmr and the specialist been the same person, and 

e Ckwunuuimted hy Dr. £. S. Rvraix, F.Z.8. 
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necessarily the more common animals have been left out of 
collections on account of limited space. Specialists have treated 
the different systematic groups with next to no co-operation* 
Further, they have hardly ever tried to get a distinct general 
view of all the species found together in the different areas*. 
Probably it would not have amounted to much in any case, 
methods and implements for the enumerating of animals from 
the sea- bottom having always given misleading results. 

We must not blame the zoologists for the present situation, 
“ botanizing ” out at sea is a very expensive affair and not within 
the means of everybody. Once 1 myself woi'ked along these 
old lines, endeavouring though to keep within the limits of one 
small area, t. a. the Kattegat. However, I, as well as the others, 
lost sight of “ the general view.’* 

It is easy to understand, then, that zoogeograpUei's from time 
to time have been tempted to make purely physical conditions 
the basis of their investigations, particularly the depth, the 
temperature, and the degree of salinity, as at least some know- 
ledge could be obtained of these matters. But it has since 
been ascertained that, with regard to the conditions required 
by different species, no theory can be laid down in advance, the 
various life conditions being far too complicated. 

The usual terms of zoogeography are at their very best 
vague and covered by expressions such as “ arctic,” “ boreal,” 
“lusitanic, “ boreoarctic,” etc., or “littoral,” “ sublittoral,” 
“abyssal,” “ archibenthal,” etc., “ stenotheimal,” “ eury thermal,” 
etc. ; but even for a domain so charactei'istic as the Arctic regions 
are supposed to be there has not been obtained a universal defi- 
nition, either geographically, or by means of temperature, or in 
any other way. 

The above-mentioned system is deficient and suficrs from 
several radical faults* First and foremost all investigators know 
the difficulty over the identification of different species when 
extensive material from many parts of the world has to be ti*eated. 
Further, this identification has in modern days suffered an 
essential alteration, inasmuch as the “ Linn»an species ” often 
can be divided into many smaller species, and to unravel those is 
very difficult if any ^eat number of marine species is in 
question. Such a study has not as yet been commenced. The 
base of the system, the identificaticm of the single species, is 
therefore not so reliable as it has hitherto been considered. 

Besides this, mai^ species are too widely distributed to be 
characteristic for aoogeographical provinoes* 1 shall only 
mention the eel, and among the lower uimajs the Opbiurid, 
Ophiocten of which species individuals can be fomid 

from the Arctic regicms, as far down as the South of Europe, 
and perhaps still fs^er south. 

Individuals, espeoiaJlf young onea, can be met with far from 

e John Mnmy in the * ChnHenger * Bjrpedition nn exo^iou to the rule. 
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their proper domain , u e. far from the waters where the species 
liFes and breeds as a regular thing. Mat^ra wAirumata^ for 
instance, is found within the Skaw only in the young stages. 
And last, not least, it is in itself a very difficult matter to know 
the whole distribution of a species, a matter that cannot be 
decided without numerous investigations; it is therefore very 
unfortunate to have to base our knowledge about the external 
conditions of any species on this single circumstance. 

Without doubt it has always tacitly been taken for granted 
that any one species requires nearly the same conditions 
wherever it appears. How far this is true is not possible to 
decide. When noting in how many different animal communities 
the different species are found, we cannot help thinking that 
great poweiu of adaptation have been given to them. 

But the greatest defect of this kind of investigation is the 
fact that no attempt has been made to describe in broad lines the 
character of the animal life of the different waters which have 
been investigated, so that it could be ascertained what species 
were of the greatest occurrence and, so to speak, characteristic of 
the different waters. To be sure, we have designations such as 
“ coral reef,” “ banks of shell,” etc., hut I hardly believe that 
zoologists have created these notions. 

As a matter of fact, geologists have succeeded much better 
in their dascriptions of extinct faunas by means of species 
characteristic for different formations. I shall only mention 
such names as Yoldia-layers after Yoldia arctica^ Cardium-layera 
after Cardium aduU^ Zirphcaa^ayera^ Tapea-layera^ etc. 

The geologists have l:>een able to make a true estimation of the 
fossil animals of the different layers far more easily than the 
/.oologists, as many of these formations are on shore and within 
easy reach, while zoologists have had nothing hut the contents of 
the dredge to rely upon, and these contents are very capricious 
and not at all representative. 

In Sweden (de Geer) geologists have got so* far as to investi- 
gate each individual layer and its contents of molluscs and 
other animal species quantitatively, in order to characterize them. 
This is the right way to work. 

We have thus seen that the present conditions, so unfavourable 
for zoologists, are, as above mentioned, due not only to the fact 
that exploration of the sea-bottom is very expensive, but also 
to the fact that convenient implements have been wanting, 
implements that could give trustworthy quantitative information 
about the population of the sea-bottqm. Such implements are 
now to hand, for instance, the bottom sampler or grab, that at 
least partly solve this problem. By means of bottom samplers it 
has been possible to determine the species characteristic for 
different formations, and to indicate their intensity of occurrence 
per 1 m.*, at least an a level sea-bottom. 

These implements, for the construction and use of which I 
refer the reader to the reports from the Danish Biological 
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Station, paiiicularly Kos. 20-25, were not introduced by me for 
zoogeographical reasons, but merely in order to- detennine the 
amount of fish-food per 1 m.’ of the sea-bottom. It soon, 
however, became evident that some areas of the bottom were 
inhabited by uniform animal life, characterized in each area by a 
few species of common occurrence. These areas were early 
designated according to their chatacteristic species, and looked 
upon as actual animal communities. In Danish waters they were, 
as a rule, easy to map ouc where the sea- bottom consisted of 
gravel, sand, clay, or a mixture of those substances, but quite 
suddenly areas of stony ground might appear on the level sea- 
bottom, and these stony areas were found to possess an altogether 
different animal population. I have grouped such species as 
“ Epifauna.” They are difficult to map out as they generally 
only appear in patches; we must be content simply to state where 
we meet with them ; hence I shall leave them out of this paper, 
regarding them as, at least in Denmark, a rather exceptional 
phenomenon, and I shall keep to the communities of the smooth 
sea-bottom. 

By means of the bottom sampler we soon got evidence about 
the following facts : — 

(1) We determined the numbers of individuals of each species 
met with in each separate area, all specimens being collected 
and preserved. When the more common animals, on account 
of their bulk, were thrown away, their n umbel's and weight 
were first recorded. 

(2) We accumulated knowledge about the characteristic species 
by which the community is determined and defined, 

(3 ) We were able at once to refer each bottom sample to its 
community, and the occurrence of the different communties could 
be charted during the investigations when the communities had 
been characterized. 

(4) The fauna of such explored water could thus be divided 
into its characteristic elements. Instead of having everything 
mixed, and talking about the fauna of the Danish waters as 
compared, for instance, with that of the Swedish or Norwegian 
Skaergaard, we start by deciding on the communities which 
are found in these waters, and then we compare the corre- 
sponding communities of the two waters, or we compare waters 
with corresponding communities. Kristianiafjord, for instance, 
ought to be liken^ to the entire Skager Back, as these areas 
have almost similar animal communities. On the other hand, 
the Oullmarfjord is lacking some of the deep-water communities 
from the Skager Back, and the Koljefjords communities may 
best be compared to those of the Greater Belt, 

(5) By charting the communities we determine the areas with 
approximately the same fauna, and thus presumably the same 
external conditions, and we do it better and easier than by 
investigating the temperature, the salinity, and Other physical 
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eonditions, as the observations of these facts are but few and far 
between. The occurrence of the different animals determines 
ip90 facto where the necessary conditions for them are to be 
found. These conditions are in reality of a very complicated 
nature^ not only in physical and chemical respects, but also as 
regards organic factors {e. g, competition), and we need not depend 
on one single species, but have several common ones to judge by. 
This will probably be the best way to get at a suitable delimita- 
tion of areas with similar natuiul conditions. 

(6) In this w’ay we are able by charting to work our way from 
small domains to greater ones. By means of the community- 
domains we can without doubt obtain a more natural and more 
reliable classification of the areas of the sea-bottom as x^egards 
their fauna and the conditions of life than has been achieved by 
any of the older methods. No knowledge obtained by employing 
the older methods is neglected in going over to the newer 
community-method, but this method gives much additional 
information. The new method requii*es, however, greater labour 
on the part of the collector and more systematic knowledge of the 
animal species of common occurrence. 

On dry land, botanists have gained fine results by basing the 
geography of plants on the larger systematic groups of the higher 
plants, these groups possessing tw^o qualities, i, e. their species are 
highly community-forming, and they do not contain an excessive 
number of species, and last, not least, systematically viewed, they 
are thoroughly well -worked groups. 

The zoologist also must keep himself within bounds; it is 
impossible to treat every systematic group at once. Earlier 
investigations prove that Bchinoderms, Molluscs, the higher 
Crustaceans, and Ohaetopods play a similar part on the level sea- 
bottom to that played % Phanerogams on land, so far as species 
characteristic for the formations are concerned. 

I have tried to transfer the system of Raunkiaer and others, of 
utilizing the (ecological types of the plants for cliaracterizing the 

plant-climates,” to the animal communities in the sea, but 
without gaining any reliable results. For the moment at least 
1 must keep to the occurrence of the common and characteristic 
species as determining the communities. 

I shall here mention some instances of the abundance of 
Bchinoderms on the sea-bottom. In the Kattegat, for instance, 
I have taken up to 200-250 Am^iura ehiajei p^r 1 m.® from 
the SrieiopotB lynftra*Ain^^%ura cAjk^^-community, and up to 
19 Brimopau per 1 ra.® From the Echinocardimn^Amphiura 
^{/brmtt-oommunity I have taken ca. 3000 Amphiura per 1 m.* 
and up to 20-28 Etdkinoeardium per 1 m.® From the Venus- 
comtnunity I have taken up to 50 Echinoeardium per 1 xn,® 
besides the fry. 

I have detennined eight different animal communities in the 
Danish waters on the level sea-bottom, from the shore and out to 
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the deep water — in the Skager Back about 700 metres. And 1 
know that several of these communities are to be found outside 
the Skager Back, s. p. in the North Sea. 

My scheme for future investigations is therefore not to give up 
the enumeration of the different species, but in addition to this 
to study the animal life on the sea-bottom by means of the 
species characteristic for the different communities, to endeavour 
gradually to map out the distribution of the communities based 
tiiereupon, and to describe them as precisely as possible, both 
as to quantity and as to quality. We should then learn which 
animal species live together at the different parts of the sea* 
bottom. When the domain of a community has been charted, 
by means of the bottom sampler, other implements (trawl, dred^, 
etc.) should be employed, in order to discover the more mobile 
and rarer animals living in the community. 

If it then proves that one or more communities are oharac* 
teristic, s. g, of Arctic regions — and I do not doubt that such 
communities exist, — then the actual distribution must be taken as 
a basis for the delimitation of these regions called “ arctic,^^ and 
they must be charted. The same will be the case with l)oreal,” 
“ lusitanic,” and other domains. I doubt, however, whether these 
charts will have much in common with most of the denominations 
now in use in marine zoogeography. 

I shall here allow myself to refer to a hypothetical chart in 
Beport XXI. from the Danish Biological Station (Supplement to 
Beport XXII.), showing my provisional conception of the limits 
of some of the said communities*. 

Properly speaking, no charting of communities has been 
thoroughly done except from the Baltic up to Kristiania and in 
some parts of the North Sea. Before charting of greater areas 
has been done, we can hardly tell how many communities 
there may be and how complicated the orientation will prove 
to be. The number of communities, however, we may partly 
control, and should we be forced to simplify matters giwtly, the 
characteristic species of Echinoderms, especially the Ophiurids 
and the Echinoids, would lead to a good preliminary orientation. 
They are found in such tremendous numbers on the sea-bottom 
that we are sure to find several individuals from both groups, 
or at least from one of them on each 1 m.’ All investigatora 
ought, therefore, in the future to be well acquainted with the 
systematics of these gt^oups, especially with regard to the more 
common species. A fuller knowledge as to the life on the sea- 
bottom is, of course, obtained by adding the characteristic species 

* Since this was written I have received two pepers on bottom eampler work in 
the Kortli Sea (M[inietry of Agi'icnltare and Fiiiberieii, Fiskeiy Inveetigations, 
ser. 2. vol. vi. No. 2, 1928. by F. M. Davi«i; and Fieberv Board hr Gotland 
Scientific Inveetiirations, 1922, Ko 8, by A. 0. Stephen). 1 am able to reoosniae 
abont four of the Danieh communities among the samples published ; hut, as far as 
1 can see, the bottom in the North Sea is, as a rule, not nearly so denM|| covered with 
animals as in the Kattegat; therefore more samples are necessary in the North 
Sea, if we are to have the commnnities as well defined as we have in Denmark. 
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from the other groups. I do not think it will be a hard task to 
determine the communities charaoteristic for, say the European 
** boreal ” and “ arctic” waters, for the present I must use these 
general expressions. In suitably chosen places, sections ought 
to be taken from the coast out to deep water. These sections 
will be sure to contain most of the communities to be found 
in these waters. This is what I have done, for instance; in 
the Skager Back. A few profiles taken off the West coast of 
Norway and in Arctic waters would sample the more important 
communities. How far should afterwards enter into 
details in elucidating the conditions of smaller waters is another 
question. 

We must not forget that the bottom sampler works very 
quickly, almost as if we take a cast of tlie lead. Many stations 
can therefore be investigated in one day, provided the water is 
not too deep. All the communities of the North Sea could in the 
time of a few weeks be charted on broad lines by means of a 
suitable ship, and in one summer the necessary lines could be 
worked along the coast of Norway and in the Arctic regions. In 
other words, only this shoH time would be needed for providing 
a solid basis for chamcterizing the zoogeographical regions in 
these waters. 

That we already liave, especially with regard to the fishes, 
an idea that chamcteristic domains are to be found in these 
regions (Jungersen and Hjort), is accounted for by the fact 
that the trawl takes fish better than the dredge takes the 
lower animals living on the sea-bottom, though the number and 
bulk of these animals are many times greater than those of the 
fishes. By means of the bottom sampler we c«n, however, get a 
quicker and more reliable orientation as to the many animals 
living on the sea-bottom than is obtained by using the trawl 
among the more mobile and rarer fish. Appellofs treatise on the 
animal life of the sea-bottom based upon his great experience of 
the older investigations is certainly about the best that can be 
obtained, but his indications aro not sufficient, and any kind of 
charting is lacking. Of great interest is the Swedish expedition 
to the Isfjord at Spitzbergen, and especially the excellent 
treatise by N. von Hofsten on !l^binoderms with the charting of 
the distribution of the different species, but he has only made use 
of the older methods of investigation. Quantitative investigations 
giving trustworthy conceptions as to the number of animals 
living on 1 m.* of the sea- bottom must be used, if we are to make 
any real progress in zoogeography by means of the occurrence of 
characteristic species. 

We shall perhaps be forced to use as a basis higher systematic 
unities than species,” s. g. “genus,” “family,” etc. It is 
curious to observe that in Puget Sound on the West coast of 
North America there appears in shallow waters, dry at ebb, a 
community of bivalves, very much like our Danish Maeoma 
bal^^comiiiunity from shallow water, of which the characteristic 
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bivales are Maooma haUica^ Ca/rdiwm edtde^ Mya arenaria. In 
Puget Sound this community is said to consist of three Maecma 
species, Cardium corhia^ the introduced Mya armaria itself, and, 
further, another bivalve, S<Ji,izoth(ierua nuttaUi ; as a matter of fact, 
quantitative community investigations have already been started 
there. 

One is astonished at the fact that there exists no advanced 
quantitative knowledge as to animal life on land. Here 1 may 
refer to F. Dahl (* Das Plagefenn ' by Chorin, Bd. iii. 1912), He 
calls attention to the fact that no group, as representative as the 
Phanerogams, is to be found among land animals, and that the 
entire number of species in the animal communities in one land- 
domain is usually so overwhelming, and so very imperfectly 
treated, that the difficulty of describing any local fauna is 
immense. So far, we must content ourselves with describing as 
well as possible a few of their Biocoenoses quantitatively. From 
what 1 have hitherto seen, I am inclined to believe that it is far 
easier to get one’s bearings as to the animal life on the sea- 
bottom than on land. All that is required are suitable imple- 
ments used in the right way. 
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EXHIBITIONS AND NOTICES. 

March 18th, 1084. 

E. G. B, Mbade-Waldo, Esq., V'ice- President, 
in the Chair. 

The Sbcretaby read the following Report on the Additions 
to the Society’s Menagerie during the month of February : — 

The registered additions to the Society’s Menagerie during 
the month of February were 66 in number. Of these 36 were 
acquired by presentation, 16 were deposited, 4 were purchased, 
8 were received in exchange, and 2 were born in the Menagerie. 

The following may be specially mentioned : — 

A Chimpanzee {Anthropopithema troglodytes)^ from West Africa, 
presented by Aithur A. Haserick, F.Z.S., on February 9th. 

An Ocelot {Felis pardalia\ from Brazil, presented by George 
Chalmers, C.M.Z.S., on February 15th.* 

A P^re David’s Deer {Elaphurua davidanns)^ from Wobuni 
Park, presented by H.G. the Duke of Bedford, K.G., on 
Februaiy 12th. 

Mr. D. Hkth-Smith, F.Z.S., Curator of Mammals and Birds, 
gave an exhibition of colour vaiiation in parrots of the genera 
Melopaittacua and PaUeomis. Of the former he showed skins of 
the normal green bird, the yellow variety in which the black 
pigment was absent, the blue variety in which the yellow 
pigment had been eliminated, and a white bird with faint traces 
of blue on the rump. 

He showed three living specimens of Palceornia nepcdenaia — 
one, the normal green bird with pink collar on the nape and 
black stripes on the aides of the neck ; a pale yellow specimen 
with pink eyes, showing the entire absence of black pigment. 
This lutino variety had been seen on several occasions l^th in 
this and other species of Palasornia, The third specimen was 
a remarkably beautiful one of a pale blue colour, the ntichal 
collar being white instead of pink. The exhibitor believed the 
bird to be unique. He was indebted to Mr. Alfred Ezm, P.Z.S., 
for the loan of these two very interesting specimens. 

Mr, Seth^Smith also exhibited a number of Fat-tailed Desei t 
Mice {Pndmromya dnpreai) that had been bred in the Menagerie. 
From two females twenty-eight young had been born and 
successfully reared within the last four months. 

Major B. E. Austen, D.S.O., F.Z.S., exhibited, and made 
remarks upon, a living specimen of the rare Beetle Copiceycla 
aordiie^ Boheman. 
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Mr, Geoffrey Summers exhibited, and Dr. T, G. Longstaff, 
M.A., F.Z.S., made remarks upon, a series of einematograph 
films of animaJ-life in Spitsbergen, 


April Ist, 1924. 

Di*. A. Smith Woodward, F.R.S., Vice-President, 
in the Chair. 

After the Papers had been read, the Meeting was adjourned 
to enable the Fellows present to pay a private visit to iniipect 
the Society’s new Aquarium, to be opened to the Public on 
April 7th. 


April 15th, 1924. 

Dr. A. Smtoi Woodward, F.R.S., Vice-President, 
in the Chair. 

The Secretary read the following Report on the Additions 
to the Society’s Menagerie during the month of March : — 

The registered additions to the Society’s Menagerie during the 
month of March were 194 iu number. Of these 65 w'ere acquired 
by presentation, 34 were deposited, 42 were purchased, 28 were 
received in exchange, and 26 were born in the Menagerie. 

The following may be specially mentioned : — 

2 Schlegels Spider- Mon keys {Aides pan)^ from Mexico, pur- 
chased on March 21st. 

4 Pandas (jElurm fulyens) and 4 Blackbuck (Antilope cervix 
capra)f from India, pre.seuted by Alfred Ezra, O.B.E., F.Z.S., 
on March 12th. 

1 Collared Goshawk (Micrasiur melanolewniB), from South 
America, new to the Collection, purchased on March 29th. 

1 Little Blue Heron (Florid ccerxdea)^ from Brazil, new to 
the Collection, presented by Capt. H, S. Stokes, F.Z.S,, on 
March 18th. 


Prof. R. T. Lbipbr, M.D*, F,R.S., F.Z.S., gave on account of 
the Parasitological work at the Society’s Gardens. 
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Mamtusy 347. 
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bowdoini, 542, 543. 
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ceryne, 523, 525. 

Presbytes priamus (x. s. l.), 330. 
Pr»8bytiscus, gen. n., 330. 
Pseudocalypton4e»a, 290. 

Psmdorea erassidens, 177. 

Pyrgopsis podfica, 619. 


liailHsHelia boulmgeri, 134. 

furcooerca, 135. 

geekcnis, 137. 

indica, 137. 

medUsrranea, 138. 

ofimUdis, 188. 

spiralis, xp. n., 139. 

Rattw mttus, 331. 
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calcaneus, gp. d., 228. 

diaseni, sp. n., 226. 

— cdletti, 225, 

notater, f p. n., 227. 

verrucosus, 225. 

Rhodium odtelk, 248. 

Bhmbmpiou ocemtna^a, 643. 
capense, 041, 

— — hieroiiis, sp, a,, 645. 

Rhytiua, 347. 

Eoida enigmatiea, sp. n., 635. 
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SepdeUa eymea, 648. 
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No. 247. 


ABSTRACT OF THE PROCEEDINOS 

OF THE 

ZOOLOGICAL SOCIETr OF LONDOlf. 

February 5th, 1924. 

Sir Sidney F. Haumer, K.B.E., F.ll.S., Vice-President, 
in the (Jhair. 


The Secretary read a Report on the Additions to the Society's 
Menagerie during the months of November and December, 1923. 

Mr, D. SETH-SMirn, F.Z.S., exhibited, and made remarks upon, 
a series of photographs of Zebras. 

The Secretary exhibited, and made remarks upon, some 
photographs of a Chimpanzee and its nest.” 

Mr. F, Martin Duncan, F.Z.S., exhibited, and made remarks 
upon, a piece of ship’s timber attacked by Marine iioi'ing 
Animals. 

In the absence, owing to illness, of Dr. N. S. Lucas, his Report 
on the Deaths which had occuiml in the Society’s Menagerie 
during 1923 was communicated by Dr. G. M. Yeyers, F.Z.S. 

Mr. 0. Tate Regan, M.A., F.R.S., F.Z.S., communicated his 
paper on “ Reversible Evolution with Examples from Fishes,” 
which was followed by a discussion. 

Miss Mary L. Hbtt, B.Sc,, F.Z.S., gave a risum^ of her paper 
on (1) “ On the Family Linguatulidae,” and (2) “Zoological Results 
of the Third Tanganyika Expedition conducted by Dr. W. A. 
Cunnington, F.Z.S., 1904-1905 : Report on the Linguatulidfo.” 


* ThiH Abstract is published by the Society at its offices, Zoological Gardens, 
Regent’s Park, R.W., oa the Tuesday following the date of Meeting to which 
it refers. It will be issued, along with the * Proceedings,’ free of extra charge, 
to ail Fellows who subscribe to the Publications ; but it may be obtained on the 
day of publication at the price of Sixpence^ or, if desired, sent post-free for 
the sum cf Six ShiUitt^s per annum, payable in advance. 
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In the absence of the Authors, the following papers were 
taken as read : — Malcolm A. Smith, M.R.C.S., L.R.C.P., F.Z.S., 
“ New Tree-Frogs from Indo-China and the Malay Peninsula ” ; 
R, R* Mole, C.M.Z.S., The Trinidad Snakes.” 


The next Meeting of the Society for Scientific Business will be 
held on Tuesday, February 19th, 1924, at 6.30 r.M., when the 
following communications will be made : — 

E. W. Shann, B.Sc., Ph.D., F.Z.S. 

Further Observations on the Myology of the Pectoral Region 
in Fishes. 

H. C. Ohadwick, A.L.S* 

On some Abnormal and Imperfectly Developed Specimens of 
the Sea-Urchin, Echinus esculentus, 

ERCT R. Lowe, B.A., M.B., F.Z.J^ 

On the Presence of Broadbills (Eurjdcemids) in Africa. 

Dr. Chas, F. Sonntag, F.Z.S. 

On the Anatomy, Physiology, and Pathology of the Orang- 
Outan. 


The following Papers have been received : — 

E. Q, BoULENQElt, F.Z.S. 

On a new Giant Salamander, living in the Society’s Gardens. 

Robert Gpbkey, M.A., F.Z.S . 

The Larval Development of some British Prawns (Patemo- 
nidse). — I. Palmmonetes mriam* 
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Leonard Hill, M.B., F.R.S. 

The Atmospheric Coaditions at the Zoological Gardens, 
London. 

W. E. Le Gbps Clark, F.R.O.S.Eng., F.Z.S. 

The Myology of Tupaia minor ^ 

W. J. PniLLiprs, F.L.S., F.R.G>S. 

On a new Genus of Ribbon-Fishes. 

B. N. SCHWANWITSCH. 

On the Ground-Plan of Wing Pattern in Nymphalids and 
certain other Families of the Rhopalocerous Lopidoptera. 

C. W. Andrews, D.Sc,, F.R\S., F.Z.S. 

Note on an Ichthyosaurian Paddle showing traces of Soft 
Tissues. 


The Publication Committee desire to call the attention of 
those who propose to offer Papers to the Society, to the great 
increase in the cost of paper and printing. This will render it 
necessary for the present that papers should be condensed, and 
be limited so far as possible to the description of new results. 


Communications intended for the Scientific Meetings should 
be addi'essed to 


P. CHALMERS MITCHELL, 

Seo'etary. 


ZooLoaicAL Society of London, 

Regent’s Park, London, N.W. 8. 
February 12^A, 1924, 
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ABSTRACT OF THE PROCEEDINGS 


OF THE 


ZOOLOGICAL SOCIETY OF LONDON." 

February 19th, 1924. 


Prof. J. P. Hill, F.Il.S., Vice-President, 
in tlie Chair. 


The Secretary read a Report on the AdiUtions to the Society's 
Menagerie during the month of January 1924. 

A NEW Genus of Monkeys. 

Mr. R. I. PococK, F.R.S., F.Z.S., exhibited a series of lantern- 
slides to illustrate the chaiacters of a new genus of Monkeys, 
FresbytiscuSj founded upon the species described by Doll man as 
Jihinopithecvs avunculus ( Abstr. P. Z. S. 1 9 1 2, p. 1 8). Preahytiacus 
resembles Rhinopithecus in cranial and facial characters, having a 
a small upturned nose and a long upper lip, thus differing from 
Naacdia ; but it differs fi*oin RhinopUhecua in the structure of tho 
hands and feet, which have digits remai'kably long, as in Nasalia, 
the tip of the hallux, when turned forwards, reaching to the 
distal end of the first phalange of the 2nd digit. In Rhinopithecus^ 
as in the Langurs {Pithecua), the digits are much shorter, the 
hallux, when turned forwards, not extending so far as the distal 
margin of the plantar pad. 

Mr. F. Martin Duncan, F.Z.S., exhibited, and made remarks 
uj>on, a series of Cinematograph films taken in the Society’s 
Gardens. 

• This Abstract is published by the Society at its offices, Zoological Gardens, 
Begenfs Park, N.W., on the Tuesday following the date of Meeting to which 
it refers. It will be issued, along with the * Proceedings,* free of extra charge, 
to all Fellows who subscribe to the Publications ; but it may be obtained on the 
day of publication at the price of Sixpence^ or, if desired, sent post-free for 
the sum of Six Shillinga per axmum, payable in advanoe. 
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In the abisence of the Authors, Dr. E. W. SnAiw’s paper on 
“ Further Obser\rations on the Myology of the Pectoral Region 
in Fishes,” and Mr. H. C. Ohadwiok’s paper “ On some Abnormal 
and Imperfectly Developed Specimens of the Sea-Urchin, Echinus 
esondentusy* were taken as read. 

Mr. N. B. Kinnbar, F.Z.S., gave a resume of Dr. Percy R. 
Lowe’s paper “ On the Presence of Broadbills (Euryliemids) in 
Africa.” 

Dr. Ohas. F. Sonntag, F.Z.S., communicated his paper “ On 
the Anatomy, Physiology, and Pathology of the Orang-Outan.” 


The next Meeting of the Society for Scientific Business will 
be held on Tuesday, March 4th, 1924, at 5.30 p.m., when the 
following Communications will be made : — 

E. G. Boulengeb, F.Z.S. 

On a new Giant Salamander, living in the Society’s Gardens. 
Robert Gurney, M.A., F.Z.S. 

The Larval Development of some British Prawns (Palajmo- 
nidfis). — I. Pakemonetes varians, 

W. E. Le Gros Clark, F.R.C.S.Eng., F.Z.S. 

The Myology of Tuyaia minor. 

C. W. Andrews, D.Sc., F.R.S., F.Z.S. 

Note on an Ichthyosaurian Paddle showing traces of Soft 
Tissues. 


The following Papers have been received !■— 

LEoyARD Hill, M.B., F.R.S. 

The Atmospheric Conditions at the Zoological Gardens, 
London. 
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W. J. PHiLLirps, RL.S., F.R.Q.S. 

On a new Genus of Ribbon-Fishes. 

B. N. SCHWANWITSCH . 

On the Ground-Plan of Wing Pattern in Nymphalids and 
certain other Families of the Rhopaloceroiis Lepidoptera. 

FnEDERic Wood Jones, M.B.(Lond.), F.Z,S . 

The Status of the Kangaroo Island Kangaroo {Mauyropus 
fuliffinosus). 

Oldfield Thomas, F.R.S., F.2.S., and other European Mam- 


Nomina Conservanda in Mammalia. 

W. N. F. Woodland, D.Sc.(Lond.), F.Z.S. 

On a new Species of Cestode of the Genus Caryophyllceus 
from an Egyptian Siluroid. 

C. n. Jon, Petersen, Ph.D., LL.D,, D.Sc. 

The Necessity for Quantitative Methods in the Investigation 
of the Animal Life on the Sea Bottom. 


The Publication Committee desire to call the attention of 
those who propose to ofler Papers to the Society, to the great 
increase in the cost of paper and printing. This will render it 
necessary for the present that papers should be condensed and 
be limited so far as possible to the description of new results. 


Communications intended for the Scientific Meetings should 
be addressed to 

P. CHALMERS MITCHELL, 


Zoological Society op London, 
Regent’s Park, London, N.W. 8, 
February 26(A, 1924. 


Secretary, 
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ABSTRACT OF THE PROCEEDINGS 


or THE 


ZOOLOGICAL SOCIETY OF LOKDON.* 


March 4th, 1924. 


Dr. A. Smith Woodward, F.R.S., Vice-President, 
in the Chair. 


Dr. D. n. HuTCiiiJJSON exhibited, and made remarks upon, a 
series of Cineinatograpli films of the movements of Amceha^ Yolvox^ 
Vorticella^ Paramecium^ Plumatella^ and embryo Henings. 

Mr. H. C. Brooke exhibited, and made remarks upon, a speci- 
men of a “ Blue ” coloured liattus raiius, 

Mr. E. G. Boulenger, F.Z.S., communicated bis paper “On 
a new Giant Salamander, living in the Society's Gardens.” 

Mr. W. E. Le Gros Clark, F.R.C.S.Eng,, F.Z.S., gave a 
remme of his paper on “The Myology of Tu'paia minor P 

Dr. C. W. Andrews, F.R.S., F.Z.S., communicated his paper 
“Note on an Ichthyosaurian Paddle shoeing traces of Soft 
Tissues.** 


• This Abstract is published by the Society at its ofljces, Zoological Gardens, 

Regent's Park, N.W., on the Tuesday following the date of Meeting to which 
it refers. It will be issued, along with the 'Proceedings,* free of eA.tra charge, 
to all Fellows who subscribe to tlie Publications ; but it may be obtained on the 
day of publication at the price of Si^pmee^ or, if desii-ed, sent post-free for 
the sum of Six Shillings per annum, payable in advance. 



22 


In the absence of the Author, Mr. R. Guhney, M.A., F.Z.S., 
his paper on ‘‘ The Larval Development of some British Prawns 
(Paleemonidro). — I. Palcemomtes mrians ” was taken as read. 


The next Meeting of the Society for Scientific Business will be 
held on Tuesday, March 18th, 1924, at 5.30 P.M., when the 
following Communications will be made : — 

The Secretary. 

Report on the Additions made to the Society’s Menagerie 
during the month of February, 1924. 


Qeokfry Summers. 

Exhibition of Cinematograph films of animal-life in Spits- 
bergen, 

Leonard Hill, M.B., F.R S. 

The Atmospheric Conditions at the Zoological Gardens, 
London. 

W. J. PiiiELirps, F.L.S., F.R.G.S, 

On a new Genus of Ribbon-Fishes. 


B. N. SCHWANWlTSCn. 

On the Ground-Plan of Wing Pattern in Nymphalids and 
certain other Families of the Rhopalocerous Lepidoptera. 


Fbederic Wood Jones, M.B.(Lond.), F.Z.S. 

The Status of the Kangaroo Island Kangaroo {Macropm 
fidigino8ii8). 
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The following Papers have been received : — 

Qldfteld Thomas, F«R.S., F.Z.S., and other European Mam- 
inalogists. 

Nomhia Conservanda in Mammalia. 

W. N. F. Woodland, D.Sc(Lond.), FZ.S. 

On a new Species of Cestode of the Genus CarijophylUms 
from an Egyptian Siluroid. 

C. H. Jon. PETERSEyr, Ph.D., LL T>., D.Sc. 

Tlie Necessity for Quantitative Methods in the Investigation 
of the Animal Life on the Sea Bottom. 

Sir Sidney F. Hakmer, K.B.E., Sc.D., V.P.R.S., F.Z.S. 

On Mesoplodon and other Beaked Wluiles. 

K. 1. PococK, F.R.S., F.Z.S. 

Some External Characters of Orycteroims afer. 


The Publicfition Committee desire to call the attention of 
those who propose to ofier Papers to the Society, to the great 
increase in the cost of paper and printing. This will render it 
neoessary for the present that papers should be condensed, and 
be limited so far as possible to the description of new results. 


Communications intended for the Scientific Meetings shouhl 
be addressed to 

P. CHALMERS MITCHELL, 

Secretary, 

Zoological Society of London, 

Regent’s Park, London, N.W. 8. 

March Wthy 1^24, 



No. 260. 


ABSTRACT OF THE PROCBEDlifaS 

OF THE 

ZOOLOQICAL SOCIETY OF LONDON.* 

Karch IBtb, 19B4. 


E. G. B. Meade-Waldo, Esq., Vice-President, 
in the Chair. 


The Secretary read a Report on the Additions to the Society’s 
Menagerie during the month of February. 

Mr. D. Seth-Smith, F.Z.S., exhibited, and made remarks upon, 
(1) Desert Mice bred in the Gardens, and (2) colour-varieties in 
the Alexandrine Parrakeet. 

Major E. E. Austen, D.S.O., F.Z.S., exhibited, and made 
remarks upon, a living specimen of the rare Beetle Coptocycla 
sordida Boheman. 


Mr. Geoffrey Summers exhibited, and Dr. T. G. Longstaff, 
M.A., F.Z.S., made remarks upon, a series of cinematograph 
jSlms of animuMife in Spitzbergen. 

Dr. Leonard Hill, M.B., P.R.S., communicated his paper on 
“ The Atmospheric Conditions at the Zoological Gardens, 
London.’^ 


* This Abstract in publislied by the Society at its offices, Zoological Gardens, 
Regent’s Park, N.W., on the Tuesday following the date of Meeting to which 
it refers. It will be issued, along with the ‘ Proceedings/ free of extra charge, 
to all Fellows who subscribe to the Publications ; but it may be obUiined on the 
day of publication at the price of Sixpence, ov, if desired, sent post-free ior 
the sum of Bix ShtUinye per annum, payable in advance* 
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In the absence of the Authors, the following papers were taken 
as read: — W. J. Phillipps, F.L.S., F.R.G.S., “On a new Genus 
of Ribbon-Fishes ” ; B. N. Schwanwitsch, “ On the Ground-Plan 
of Wing Pattern in Nymphalids and certain other Families of 
the Rhopalocerous Lepidoptera”; Fkedbrio Wood Jones, 
M.B.(Lond.), F.Z.S , “The Status of the Kangaroo Island 
Kangaroo {Macii'opus fuliginoatisy^ 


The next Meeting of tlie Society for Scientific Business will 
be held on Tuesday, April 1st, at 5.30 P.M., when the following 
Communications will be made : — 

Oldfield TnoMAs, F.R.S., F.Z.S., and other European Mani- 
malogists. 

Nomina Comervanda in Mammalia. 

W. N. F. WooDLATO, D.Sc.(Lond.), F.Z.S. 

On a new Species of Cestode of the Genus Caryo2>hyllmu8 
from an Egyptian Siluroid. 

C. H. JoH, Petersen, Ph.D., LL.D., D.Sc. 

The Necessity for Quantitative Methods in the Investigation 
of Animal Life on the Sea Bottom. 

Prof R. T. Leipeb, M.D., F.R.S., F.Z.S. 

An Account of the Parasitological Work at the Society's 
Gai'dens. 


The following Papers have been received : — 

Sir Sidney F. Habmeb, K.B.E., Sc.D., V.P.R.S., F.Z.S. 
On Meaoplodmi and other Beaked Whales. 
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R. X* PococK, P.R.S., r.Z.S. 

Some Gxterna.1 Oiiaracters of Oryctcvopus 

Guy C. Robsox, M>A., F.Z«S . 

On the Cephalopoda obtained in South African Waters by 
Dr. J. D. F. Gilchrist in 1920-1921. 

Basanta Kumar Pas, M.Sc . 

On the Intra- Renal Course of the so-called “ Renal-Portal 
Veins in some Common Indian Birds. 


The Publication Committee desire to call the attention of 
those who propose to offer Papers to the Society, to the groat 
increase in the cost of paper and printing. This will render it 
necessary for the present that papers should be condensed, and 
be limited so far as possible to the description of new results. 


Communications intended for the Scientific Meetings ohould 
be addressed to 


P. CHALMERS MITCHELL, 


Zoologic al Society op Tendon, 
Regent’s Park, London, N.W. 8, 
March 25<A, 1924, 


Secretary, 
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ABSTRACT OF THE rROOEEDINGS 

OP THE 


ZOOLOGICAL SOCIEir OF LONDON.* 


April 1st, 1924. 

Dr. A. Smith Woodwahd, F.R.S., Vice-President, 
in the Chair. 


Dr. H. A. Baths, M.A., F.Z.S., gave a resume of Dr. W, N, 
F. WooDLAND^s paper On a new Species of the Cestodarian 
Genus Car^ophylhms from an Egyptian Siluroid.” 

Mr. J. O. Borley, M.A., communicated a paper by Dr. C. H. 
JoH. Petersen, Ph.D,, LL.D., D.Sc., on ‘‘The Necessity for 
Quantitative Methods in tlie Investigation of Animal Life on the 
Sea Bottom.'^ 

In the absence of the Authors the following paper was taken 
as read : — Oldfield Thomas, F.R.S., F.Z.S., and other European 
Mammalogists, “ Nomiim Gomervanda iii Mammalia.” 


♦ Tills Abstract is published by the Soeioly at its offices, Zoological Gardens, 
Brent’s Park, K.W., on the Tuesday following the date of Meeting to which 
it refers. It will be issued, along with the * Proceedings,* free of extra charge, 
to all Fellows who subscribe to the Publioations ; but it may be obtained on the 
day of publication at the price of Sixpence^ or, if desired, sent post-free for 
the sum of Bix BhiUinga per annum, payable in adrunoe. 
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The next Meeting of the Society for Scientific Business will be 
held on Tuesday, April 15th, 1924, at 6.30 p.m., when the 
following Oonimunications will be nmde 

The Secretary, 

Report on the Additions made to the Society's Menagerie 
during the month of March, 1924. 

Guy G. RoBsofT, M.A., F.Z.S. 

On the Cephalojioda obtained in South African Waters by 
Br. J. D. F. Gilchrist in 1920-1921. 

Basanta Kumar Das, M.Sc. 

On the Tntra-Renal Course of the so-called “ Renal- Portal ” 
Veins in some Common Indian Birds. 

The following Papers have been received : — 

Sir Sidney F. Haiimer, K.B.E., Sc.D., V.P.R.S., F.Z.S. 

On Meaoplodon and other Beaked Whales. 

R. I. PococK, F.R.S., F.Z.S. 

Some External Ciiaracters of Orycteropus afer, 

R. Broom, F.R.S., C.M.Z.S. 

On some Points in the Structure of the Pareiafaurifin Skull. 


The Publication Committee desire to call the attention of 
tliose who propose to oiler Papers to the Society, to the great 
increase in the cost of paper and printing. Tliis will j-endcr it 
necessary for the present that papers should be condensed, and 
be limited so far as possible to the description of new results. 


Communications intended for the Scientific Meetings should 
be addressed to 

P. CHALMERS MITCHELL, 


Zoological Society of London, 

Rfxjent's Park, Lonix)n, N.W. 8. 

April %ih, 1924. 


^eci'etary. 
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ABSTRACT OF. THE PltOCEEDTNGS 

or TUB 


ZOOLOGICAL SOCIKTY OF LONDON.' 

April 15th, 1924. 


Dr. A. Smith Woobward, F.H.S., Vico-President, 
in the Chair. 


Tlie Secretary read a Keport on tlio Additions to the Society’s 
Menagerie during the month of March, 1924. 

Prof. II. T. Leipeu, M.D., F.R.S., F.Z.S., gave an account of 
the Parasitological work at the Society’s Gardens. 

Mr, Guy 0. Kobson, M.A,, F.Z.S., gave a resume of his paj)er 
“ On the Cephalopoda ohtaine<l in South African Waters by 
Dr. J. D. F. Gilchrist in 1920-1921.” 

Mr. Basanta Kumar Das, M.Sc,, communicated his paper 
“ On the Intm-Kenal Course of the so-called * llenal-Portal ’ 
Veins in some common Indian Birds.” 


* This Abstract is published by the Society at its offices, Zoological Gartleus, 
Begent’s Park, N.W., on the Tuesday fullowirg the date of Meeting to which 
it refers. It w ill be issued, along with the ‘ Proceedings/ free of extra charge, 
to all Follows who subsorilM to the Publications ; but it may be obt-ained on the 
day of publication at the price of Sixpence, or, if desired, sent post-free for 
the sum of Six Shillings per annum, payable in advance. 
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The ne3tt Meeting of the Society for Scientific Business will be > 
held on Tuesday, May 6th, 1924, at 5«30 P.H., when the 
following communications will be made: — 

R. Broom, F.R,8., aM,Z.S. 

On some Points in the Structure of the Pareiasaurian Skull. 

D. M. S. Watson, M.Sc,, RBX, RZ.S. 

The Slasmosaurid Shoulder^GiixIle and Fore-Limb. 


The following Papers have been received : — 

Sir SiDNKY F. Hakmer, Sc.D., V.P.R.S., F.Z.S . 

On Meaoplodon and other Beaked Whales. 

R. 1. PocoCK, F.KS., F.Z.S. 

Some External Characters of Onjcleropua afer. 


The Publication Committee desire to call the attention of 
those who propose to ofler Papers to the Society, to the great 
increase in thb cost of paper and printing. This will render it 
necessjxry for th^i^esent that papers should be condensed, and 
be limited as far as possible to the description of new lesuits. 


Communications intended for the Scientific Meetings should 
be addressed to 

P. CHALMERS MITCHELL, 

Secretary. 

ZoOLOOICAL SoCIBl’Y OP LoNDON, 
llEafiFr’s Paiik, London, N.W. 8. 

April 22nc2| 1924. 
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